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Refining  and  cupellation  of  the  fiver. 

The  amalgams,  according  to  their  coppery  or  leady  appearance,  or  to  their 
purity,  are  either  refined  by  cupellation,  or  limply  melted  down,  and  run  into 
ingots. 

When  containing  no  gold,  they  may  be  delivered  to  the  mint,  without  fur- 
ther fufion  or  cupellation,  notwithflanding  their  copper  alloy;  but  if  auriferous 
and  coppery,  then  they  muft  be  refined,  or  put  to  cupellation,  that  the  copper 
may  be  deflroyed,  and  the  auriferous  filver  be  brought  to  the  flandard  of  15 
loth  15  grains  per  marc,  in  which  it  is  received  at  the  mint. 

Dif  illation  of  the  quickflver,feparated  from  the  amalgam  hy  heat  or  preffure. 

The  quickfilver,  feparated  by  heat  from  the  amalgam,  contains  fome  of  the 
noble  metals  which  palfed  with  it  through  the  prdfing-bag.  This  generally 
amounts  to  5 — 4,  or  one  ounce  per  cwt.  But  this  quickfilver  being  conllantly 
in  hand,  and  always  ferving  in  the  fubfequent  triturations,  its  contents  of  gold 
and  filver  need  only  to  be  alcertained  once  at  the  annual  balance  of  the  accounts. 
This  may  be  done,  in  fmall  aflays,  by  diflilling  the  quickfilver,  with  granulated 
lead,  in  glafs  retorts;  but  the  operation  fucceeds  bell  in  tubulated  iron  retorts, 
with  call  iron  receivers,  filled  with  water,  and  luted  to  the  necks  of  the  retorts. 
Each  of  thefe  is  funk  half  into  the  furnace,  with  its  neck  much  inclined  into 
the  receivers.  They  are  filled  with  two  cwt.  of  quickfilver,  to  which  is  added 
1 — 2,  or  one  pound  of  granulated  lead.  The  tubulated  opening  of  the  retort,  and 
the  neck  of  the  receiver,  mult  be  carefully  luted  with  refractory  clay.  The  fire 
fhould  be  brifk,  and  the  whole  body  of  the  retort  be  covered  with  the  burning 
fuel.  The  quickfilver  rifes  up  in  the  form  of  vapour,  and  pafles  over  into  the 
receiver,  where  it  is  condenfed,  collected  into  drops,  and  falls  to  the  bottom  of 
the  water.  All  the  auriferous  filver  remains  behind  united  with  the  lead,  which, 
if  it  fhould  flick  to  the  bottom  of  the  retort,  may  be  melted  in  it  by  a coal- 
fire,  and  poured  out  into  an  ingot,  to  be  afterwards  put  to  the  tell  or  cupellation. 

Further  treatment  and  ufe  of  the  triturated  refdua , which  have  gon  ethrough  the 
procefs  of  amalgamation. 

The  refidua  commonly  contain  fome  gold  and  filver,  more  or  lefs,  according 
as  they  were  well  or  badly  pulverized,  calcined,  fifted,  triturated,  and  wafhed. 
If  the  refiduum  fhould  contain  more  than  one  ounce  per  cwt.  and  raw  uncal- 
cined particles  appear  in  the  fame,  it  will  be  advifeable  to  calcine  it  once  more 
with  an  addition  of  four  per  cent,  of  fait,  and  to  let  it  undergo  a fecond  amalga- 
mation. If  it  fhould  be  of  an  equal  fize,  and  perfectly  calcined,  it  fhould  be 
mixed  up  with  new  fluff,  or  triturated  once  more  alone. 

If,  on  the  contrary,  the  refiduum  is  filvery,  in  confequence  of  the  imperfeCt 
wafhing  and  fepararion  of  the  quickfilver  and  amalgam,  it  muft  be  wafhed  over 
again,  more  abundantly  diluted  with  water. 

The  lixivia  containing  copper  are  precipitated  by  iron. 

■ The  Editors  of  the  Chemical  Journal  add  the  following  remarks,  in  a note, 
on  the  cold  amalgamation: 

Confidering  the  complex  apparatus  for  the  warm  amalgamation,  the  wear  and 
lofj  of  the  copper  boilers,  the  unequal  produce,  and  the  expence  of  firing  (all  which 
afe  now  avoided),  the  cold  amalgamation  is,  as  Mr.  Rafpe  obferves,  a noble  im- 
provement of  the  procefs.  It  was  what  Baron  Born  always  aimed  at,  though  his 
attempts  were  unfuccefsful.  Mr.  Gellert,  at  Freyberg,  firft  fucceeded  in  it, 
ufing  wooden  cylindrical  churns  with  perpendicular  piflons,  laid  over  with  copper- 
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fheeting,  which,  by  a quick  motion  up  and  down,  produce  a ftronger  tri- 
turation than  the  rotatory  horizontal  motion  of  barrels,  and  at  the  fame  time 
prevents  the  poflibility  of  producing  fublimate,  or  mercurius  dulcis,  by  the, 
excefs  of  marine  acid  adting  upon  the  quickfilver,  to  which  that  acid  has  lefs 
affinity  than  to  copper.  His  firft  experiment  was  attended  with  uncommon 
fuccefs ; for,  by  cold  churning,  he  extracted  the  filver  from  pulverifed  ore,  which-, 
contains  but  three  ounces  and  a quarter  per  quintal,  in  the  courfe  of  16  hours,  fo. 
completely  that  the  leavings  contained  but  two  dwts.  (The  operation  may 
even  be  finilhed  in  10  hours,  which  otherwife  required  24).  Upon  thefe  princi- 
ples the  churning  apparatus,  in  wooden  cylinders,  has  been  adopted  in  Bohe- 
mia, with  a perforated  cad  iron  pifton,  which  by  a crank  motion  moves  quickly 
up  and  down.  Though  the  whole  is  put  in  cold,  yet,  at  the  end  of  the  operation, 
it  heats  in  confequence  of  the  quick  trituration  and  motion  of  the  piftons. 

At -Frey berg  this  cold  amalgamation  is  performed  in  a mill  which  turns  eight- 
large  barrels,  each  holding  10  *-  quintals  of  ore:  The  ores  are  d refled  to  contain 

four  ounces  per  quintal,  mixed  with  10  per  cent,  of  fait,  and  calcined  and  fifted- 
in  Baron  Born’s  manner.  When  put  into  the  barrels,  one-fourth  per  cent,  of 
quick-lime,  and  34lbs.of  water  are  added,  and  turned  brifkly  two  hours,  36 
turns  per  minute.  The  lime  abforbs  the  excefs  of  acids.  To  counteratt  the 
decompofition  of  metallic  vitriols,  and  the  precipitation  of  fllver  particles  (which 
an  excefs  of  lime  might  occafion),  after  two  hours  turning,  two  per  cent,  of  thin 
rolled  iron  chips,  two  inches  fquare,  are  thrown  into  the  barrels,  and  turned  with 
the  fame  two  hours.  Then  the  quickfilver,  half  a quintal  to  one  quintal  of  ore, 
is  added,  together  with  an  additional  four  per  cent,  of  iron  chips,  previoufly 
coated  with  a little  copper,  by  immerfion  in  copper  water,  in  order  to  prevent' 
the  difperfion  of  the  quickfilver,  and  to  catch  and  attradt  its  fmalleft  particles. 
After  thefe  laft  coppery-iron  chips  and  the  quickfilver  have  been  added,  the 
barrels  are  turned  flower,  at  the  rate  of  20  or  25  turns  per  minute.  After  1 z 
hours  turning,  all  the  filver  is  extracted,  except  i-tdwr.  per  quintal,  which  can* 
not  be  further  extra&ed  by  amalgamation. 

ORES  OF  IRON.  When  we  confider  the  great  deftrudtibility  of  iron  by  the  - 
difengaged  acids,  and  other  uncombined  agents  in  nature ; it  is  not  to  be 
expected  that  much  native  iron  Ihould  be  found.  We  have  however  indubitable 
accounts  of  its  existence.  The  molt  remarkable  mafs  of  this  fort  was  difcovered 
in  Siberia,  by  Profeflor  Pallas,  which  weighed  1600  pounds.  Specimens  of  this 
have  been  fent  to  all  parts  of  Europe.  It  is  of  thatfpecies  called  red  Ihort,  being 
malleable  while  cold,  but  brittle  when  red  hot. 

It  can  hardly  be  doubted,  but  that  this  great  mafs  of  iron,  brought  by  Pallas 
from  Siberia  into  Europe,  is  the  produce  of  nature.  Its  compofition  refembles  ; 
that  of  forged  iron  ; for  a centenary  (=63  grains)  yielded  Bergman,  by  means 
of  the  muriatic  acid,  49  cubic  inches  of  inflammable  air ; and  from  many  expe-r, 
riments  it  is  found  that  dudlile  iron  yields  from  48  to  5 1 of  the  fame  inches  *. 

Margraff,  quoted  by  Fourcroy,  found  fome  of  this  kind  of  iron,  in  the  form  of, 
ridges,  at  Ebenftock  (or  Eibenftock)  in  Saxony. 

Native  iron  has  been  found,  in  -a,  cubical  form,  at  Senegal  in  Africa,  out  of  * 
which  the  black  inhabitants  make  various  veflels  for  their  own  ufe ; alfor  at 

* Magellan,  in  confequence  of  having  examined  this  fpecimen  of  native  iron,  gives  it  as  his. opinion 
that  it  is  a real  volcanic  produdtion  ; but  Profeffor  Pallas  exprefsly  obferves  (Journal  de  Phyiique,  Sup- 
plement, tom.  xiii.  for  1778,  p.  128.)  that  the  country  where  it  was  found  affords  not  the  leaft- volcanic 
indication. 

* Eibenftock, 
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Eibenftock,  on  the  margravate  of  Mifnia,  in  the  Upper  Saxony,  and  at  Stiria, 
in  the  circle  of  Auflria.  Some  native  irons  have  been  found  in  a polyedral  gra- 
nulated form,  and  of  a bright  yellow  colour,  which  on  being  polifhed  (hew 
their  proper  metallic  colour;  thefe  two  fpecies  of  native  iron  are  mentioned  by 
Wallerius,  in  his  Spec.  321. 

Monet,  quoted  by  Mongez,  mentions  a piece  of  many  pounds  weight,  that  has  all 
the  qualities  of  a good  iron,  and  is  kept  in  the  collection  of  the  College  of  the  Mines 
at  Freyberg.  Other  fpecimens  have  been  found  alfo  of  the  kind  near  Bareith, 
which  were  malleable  : and,  laftly,  the  fame  Mongez  mentions  three  fpecimens 
of  native  iron,  kept  in  the  King’s  cabinet  in  the  Royal  Garden  at  Paris ; one 
of  which  was  found  at  Kaumsdorf,  in  Thuringia  j this  is  furrounded  by  an  ore  of 
the  hepatic  iron,  and  has  a cavity  with  l'ome  protuberances  of  a brown  hematites. 
The  other  two  are  from  the  native  iron  found  by  Pallas  on  the  Emir  Mountains 
of  Siberia. 

Bergman,  considers  mifpickel  as  a mixture  of  native  iron  and  arfenic. 
For  a defcription  of  this  ore,  fee  Mispickel.  It  is  called  Pierre  de  Sante  by 
the  French,  but  for  what  reafon  I know  not,  and  is  cut  for  toys.  Twenty  or 
thirty  years  ago  a mineral  was  in  common  ufe  for  this  purpofe  in  England.  The 
fmall  (tones  or  pieces  were  called  marcafites,  and  were,  I fuppofe,  mifpickel. 

Wolfram  is  enumerated  among  iron  ores,  though  never  wrought  as  fuch. 
Meff.  De  Luyarts  found  only  13P  per  cent,  of  iron.  See  Wolfram. 

The  magnet,  or  loadftone,  is  an  ore  containing  iron  approaching  to  the  me- 
tallic ftate.  It  has  not  been  much  examined,  probably  on  account  of  the  hete- 
rogeneous nature  of  the  various  (tones  called  by  this  name.  Magnetifm  is  their. 
charaCteriftic  property,  but  they  may  neverthelefs  differ  exceedingly  in  their 
contents,  fo  as  fcarcely  to  come  under  the  fame  mineralogical  arrangement.  Some 
contain  as  much  as  75  per  cent,  of  iron.  See  Loadstone,  Magnet,  and  Mag- 
netism. 

The  black  iron  ore,  or  fteel  ore,  is  ponderous,  of  a very  dark-gray  colour,  or 
rather  flate  black,  and  affords  a black  powdet  when  fcraped.  Some  fpecimens, 
however,  afford  a red  powder.  It  is  readily  attracted  by  the  magnet.  Its  fraCture 
exhibits  grains  more  or  lefs  fine,  or  elfe  fcales  or  facets,  whence  it  has  been  impro- 
perly called  galena  of  iron.  When  expofed  to  heat  it  gives  fcarcely  any  fmell,. 
and  changes  its  colour  very  little,  though  its  fhining  appearance  goes  off.  A 
ftrong  heat  renders  it  partly  malleable,  it  gives  fire  with  fteel,  in  confequence 
of  a proportion  of  quartz  it  contains.  Acids  a£t  upon  it  to  a certain  degree,  but 
the  iron  is  too  much  calcined  to  afford  many  cryftals  with  the  vitriolic  acid. 

That  fpecies  of  black  iron  ore,  which  has  the  form  of  octahedrons,  nearly 
refembles  the  foregoing  in  its  properties. 

The  calciform  ores  of  iron  are  in  general  confidered  to  be  formed  by  depofition., 
Mongez  reduces  them  to  fix  principal  fpecies : 1 . Ochres.  2.  Earthy  or  bog  ores. 
3.  Cryftallized. ore  of  the  Ifle  of  Elba.  4.  Hematites.  5.  .Specular  iron  ore, 
and  6.  Emery. 

The  ochres  are  very  common,  and  appear  to  have  been  produced  by  the  de- 
compofitionof  pyrites;  fee  Ochres.  There  are  two  varieties : 1.  Yellow  ochre: 
this  becomes  red  by  calcination.  2.  Red  ochre.  Both  thefe  are  fo  common, 
and  fo  much  ufed'in  the  arts,  that  it  is  fcarcely  requifite  to  defcribe  the  great  va- 
riations of  colour  and  confidence  the  feveral  fpecimens  poffefs. 

Earthy,  argillaceous,  or  bog  ores  of  iron,  are  of  different  colours,  reddifli, 
yellowifh  brown,  and  fometimes  gray,  especially  after  expofure  to  the  air  for  a 
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time.  Internally  they  have  a blueifh-gray  or  iron  colour.  This  ore  is  biittle, 
and  refembles  fcoria^,  or  fmall  rounded  or  flattened  ftones,  not  obedient  to  the 
magnet,  and  in  general  of  inconfiderable  hardnefs.  It  moftly  abounds  with 
foreign  fandy  argillaceous  or  calcareous  matters. 

The  cryftallized  iron  ore  of  the  ifland  of  Elba  is  one  of  the  mod  beautiful  of 
minerals.  It  has  not  yet  been  found  except  in  that  ifland.  It  is  found  in  differ- 
ent ftates,  in  ochres  of  every  fhade,  in  the  argillaceous  fandy  ore,  in  cryftallized 
ore,  and  in  hematites.  The  cryftallized  is  the  mod  common,  the  pureft,  and 
moft  beautiful.  Its  form,  as  well  as  colour,  varies  much.  The  fhades  are  green, 
red,  black,  yellow,  brown,  blue,  and  violet ; and  fome  exhibit  all  the  various 
and  lively  colours  of  precious  ftones,  though  this  brilliant  appearance  becomes 
tarnifhed  by  the  moifture  of  the  air.  This  ore  is  very  ponderous  and  hard,  and 
frequently  mixed  with  copper  pyrites.  Acids  do  not  attack  it,  neither  is  it  affecft- 
ed  by  the  magnet,  at  leaft  while  in  the  mafs  : I do  not  find  that  this  ore  has  been, 
well  analyfed.  Some  writers  pretend  that  fulphur  is  the  mineralizer,  and  others 
fixed  air  ; but  from  its  great  refemblance  to  the  combination  of  iron  with  water 
in  the  experiment  of  the  gun  barrel  (fee  Air  Inflammable),  it  appears  likely 
that  that  fluid,  as  one  of  its  principles,  enters  into  the  iron  ore  of  thelfle  of  Elba. 

Hematites  exiftsin  confiderable  abundance  in  the  iron  mines  of  ancientformation- 
It  is  formed  in  the  manner  of  ftala&ites  and  ftony concretions.  Ingeneral  it  poflefles 
confiderable  hardnefs,  fo  as  fometimes  to  give  fire  with  fteel.  The  varieties  are, 
l.  Blackifh  hematites ; fra&ure,  vitreous,  and  fometimes  fhining ; texture,  fibrous 
or  ftriated  ; colour  brown  black,  but  reddifh  when  pounded.  It  gives  fire  with 
fteel,  becomes  darker  coloured,  and  as  it  were  fcaly,  by  ignition. — 2.  Red  hema- 
tites. This  is  chiefly  entitled  to  the  name  of  blood-ftone,  from  its  colour.  It  is 
very  heavy,  ponderous,  ftriated,  and  as  if  cryftallized,  or  in  fmall  globules, 
called  kidney  ore. — 3.  Yellow  hematites.  This  differs  from  the  preceding,  from 
the  degree  of  the  calcination  of  its  metallic  part,  in  the  fame  manner  as  yellow- 
ochre  differs  from  red. 

The  fpecular  iron  ore,  mentioned  by  Mongez  among  the  calciform  ores  of  iron, 
is  eafily  diftinguifhed  by  its  brilliant  facets,  which  often  refemble  polifhed  fteel.. 
It  is  diftinguifhed  from  the  iron  ore  of  Elba  by  a fmall  portion  of  fulphur  which 
it  contains.  It  is  plentifully  found  at  Mount  D’Qr  in  Auvergne. 

Emery  is  an  ore  of  iron,  which  has  the  appearance  of  a very  compact  granular 
ftone,  of  a blackifh,  gray ilh,  or  brown  colour.  By  calcination  it  becomes  brown 
or  red,  and,  as  Mongez  fays,  harder  than  before.  Kirwan  thinks  it  to  be  amix-r 
tore  of  the- red  and  white  calces  of  iron  with  fome  unknown  ftony.  fubftance,  per- 
haps tripoli.  It  is  ufed  as  a grinding  and  polifhing  powder,  and  is  fcarcely 
inferior  in  hardnefs  to  any  fubftance  but  the  diamond.  Its  fpecific  gravity  is 
from  3,008  to  4,000.  The  beft  fort  is  of  a dark  gray  colour.  It  is  never  wrought 
as  an  iron  ore. 

The  white  or  fparry  iron  ore,  or  ftahlftein  of  the  Germans,  confifts,  ac- 
cording to  Bergman,  of  the  brown  calx  of  iron  united  with  the  white  calx  of. 
manganefe,  and  mild  calcareous  earth,,  in.  various  proportions.  Bayen*  exa- 
mined a fpecimen  from  Germany  of  the  beft  fteel  ore,  and  found  it  contain  two- 
thirds  irofi,  and  the  reft  fixed  air,  except  a fmall  portion  of  zinc.  The  figure  of 
this  ore  is  either  irregular  or  rhomboidal  ,*  frequently,  tranfparent ; its  texture 
fcaly,  lamellar,  granular,  or  cellular..  Sometimes  it  poflefles  a ftala&itical  form, 

* Journal  de  Phyf.  vii.  213.  As  this  chemift  did  not  reduce- his  iron  beyond  the  (late  of  a mag-, 
netical  powder,  I think  he  overlooked  the  nickel,,  which  is  maguetical,  like,  iron,  and . alfo  affords  a 
green  fait  witk  vitriolic  acid. 
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and  is  fometimes  found  in  blackifh  brown  powder.  Its  colour,  when  frefti 
dug,  is  whitifli,  but  by  expofure  to  the  air  it  becomes  gray,  brown,  reddilh, 
yellowifh,  or  black.  Its  fpecific  gravity  is  from  3.6  to  4.0.  It  does  not  give 
fire  with  fteel,  unlefs  by  virtue  of  particles  of  quartz  or  pyrites,  with  which  it  is 
frequently  interfperfed.  In  the  fire  it  decrepitates,  grows  black,  becomes  magnetic,, 
and  lofes  about  one-third  of  its  weight  by  the  extrication  of  fixed  air.  One  hun- 
dred parts  of  this  ore  from  Eifenartz,  in  Stiria,  afforded  Bergman  38  of  the 
brown  calx  of  iron,  24  of  the  white  calx  of  manganefe,  and  38  of  mild  calcareous 
earth.  The  iron  anfwering  to  this  quantity  of  calx  is  about  32  parts  or  one-third - 
of  the  whole. 

Iron  mineralized  by  fulphur  is  moftly  diftinguifhed  by  the  name  of  pyrites* 
It  feldom  contains  iron  in  fuflicient  quantity  to  be  extrafted  with  profit,  not  only 
becaufe  a long  continued  heat  is  required  to  drive  off  the  laft  portions  of  fulphur, 
but  likewife  becaufe  the  iron  ufually  proves  of  a bad  quality.  This  ore  has  various 
degrees  of  hardnefs  and  confiftency ; is  of  a pale  yellow  colour,  fometimes  ap- 
proaching that  of  gold,  a circumftance  which,  added  to  its  confiderable  weight, 
often  attra&s  the  attention  of  the  unfkilful,  who  imagine  it  to  contain  gold.  It 
gives  plenty  of  fparks  with  the  fteel,  and  emits  an  odour  of  fulphur.  In  the  fire  it 
cracks  or  decrepitates,  burns  with  a blue  flame,  and  affumes  a dull  brown  colour: 
in  the  air  it  efflorefees,  is  decompofed,  its  fulphur  becomes  acidified,  unites  with 
the  iron  and  clay  which  are  prefent  in  its  compofition,  and  with  thefe  forms 
vitriol  and  alum,  for  the  obtaining  both  of  which  this  mineral  is  wrought.  Its 
varieties  are,  1.  In  irregular  maffes.  2.  In  balls  of  various  fizes  diffeminated  in 
chalk.  3.  In  ftala&ites,  4.  In  cubes,  frequently  found  in  clay.  5.  In  hard 
cryftals  called  marcafite. 

The  brown  or  reddifli-brown  ferruginous  pyrites  is  called  the  hepatic  iron 
©re.  It  is  either  fpherical,  or  in  cubes,  or  other  regular  forms  : has  no  metal- 
lic luftre,  does  not  eafily  give  fire  with  fteel,  and  is  incapable  of  vitriolization. 
It  contains-  much  lefs  fulphur  and  more  iron  than  the  yellow-  pyrites,  but  the 
metal  it  yields  is  brittle. 

Gray  iron  ore  has  afhining.  metallic  appearance,  and  commonly  gives  fire  with 
fteel.  It  is  not  at  all  magnetic,  and,  when  fcratched,  gives  a red  trace.  It  yields 
from  40  to  66  per  cent,  of  cold  Ihort  iron.  This  property  is  derived  from  phof- 
phorus,  or  its  acid,  which  exifts  in  the  ore. 

There  are  two  ores  of  iron  which  contain  plumbago  united  with  iron.  One 
is  fliining  black,  of  afealy  texture,  and  more  or  lefs  magnetic,  called  black  Eifen 
Rahm  or  glimmer,  by  the  Germans  : the  other  is  red, and  differs  from  the  preced- 
ing only  in  not  being  magnetic  before  calcination. 

A blue  combination  of  iron  is  found  interfperfed  in  clays  in  Finland,, 
Scania,  and  elfewhere.  Bergman  calls  it  Native  Pruflian  Blue.  Sometimes 
the  clays  have  a blue  colour  at  their  furface,  and  fometimes  they  aflfume  that 
colour  foon  after  being  dug  out  of  the  ground.  It  is  ealily  feen  that*  the  ore 
is  ferruginous-,  and  highly  loaded  with  combuftible  matter;  for  it  burns  with 
a flame,  and  becomes  red  and  magnetical.  A.  mild  heat  renders  this  fubftance 
green,  and  a ftronger  converts  it  into  black  fcoria.  Alkalis,  as  well  as  acids, 
diffolve  this  blue  powder,,  and  deftroy  its  colour,  which  neverthelefs  appears 
again  when  precipitated  from  - an  acid  by  an  alkali,,  or  by  an  alkali  from  an  acid  ; 
but  commonly  it  is  greenifti,  and  foon  becomes  white.  If  an  infufion  of  tea  or 
nut  galls  be  poured  on  this  whitifli  fediment,  it  refumes  its  firft  colour.  From 
thefe  details  it  appears,  as  Bergman,  remarks,, that  this  blue,  though  analogous 
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-to  the  artificial  Pruffian  blue,  differs  neverthelefs  from  it  in  intenfity,  by  the 
manner  of  its  produftion  and  other  peculiar  qualities.  It  preferves  its  colour  in 
water,  but  becomes  black  in  oils. 

For  the  methods  of  analyfis  of  the  ores  of  iron,  as  well  as  its  chemical  proper- 
ties, and  feveral  dates,  fee  the  article  Iron.  But  from  the  extenfive  importance 
of  this  metal,  1 fliall  here  add  the  methods  of  treatment  in  the  large  way,  from 
Keir’s  notes  to  Macquer’s  Dictionary,  article  Smelting. 

Mod  ores  of  iron  require  to  be  roaded  previoufly  to  their  fudon ; fome  more 
flightly,  and  others  with  a more  violent  and  longer  continued  fire.  Thofe  which 
contain  much  fulphur,  arfenic,  or  vitriolic  acid,  require  a long  continued  and 
repeated  roading,  that  the  volatile  matters  may  be  expelled.  Of  this  kind  is  the 
black  iron  ore,  from  which  the  Swedilli  iron  is  faid  to  be  obtained. 

Some  ores  require  a very  flight  roading,  only  that  they  may  be  dried  and  ren- 
dered friable ; fuch  are  the  ores  called  bog  ores : and  others,  which  being  in  a 
calcined  date,  and  containing  little  fulphureous  matter,  would,  by  a further  cal- 
cination, be  rendered  lefs  capable  of  being  reduced  to  a metallic  date. 

The  roading  of  ores  of  iron  is  performed  by  kindling  piles,  confiding  of 
drata  of  fuel  and  of  ore  placed  alternately  upon  one  another,  or  in  furnaces 
fimilar  to  thofe  commonly  employed  for  the  calcination  of  lime-done. 

The  next  operation  is  the  fudon  or  fmelting  of  the  ore.  This  is  generally 
performed  in  furnaces  or  towers  from  20  to  30  feet  high,  in  the  bottom  of  which 
is  a bafon  for  the  reception  of  the  duid  metal.  When  the  furnace  is  diffidently 
heated,  which  mud  be  done  at  fird  very  gradually,  to  prevent  the  cracking  of 
the  walls ; a quantity  of  the  ore  is  to  be  thrown  in,  from  time  to  time,  at  the  top 
of  the  furnace,  along  with  a certain  quantity  of  fuel  and  of  lime-done,  or  what- 
ever other  dux  is  employed.  While  the  fuel  below  is  confumed  by  the  dre  ex- 
cited by  the  w'ind  of  the  bellows,  the  ore,  together  with  its  proportionable  quan- 
tity of  fuej  and  of  dux,  fink  gradually  down,  till  they  areexpofed  to  the  greateft 
heat  in  the  furnace.  There  the  ore  and  the  dux  aye  fufed,  the  metallic  particles 
are  revived  by  the  fuel,  are  precipitated  by  means  of  their  weight  through  the 
fcoria  formed  of  the  lighter  earthy  parts  of  the  dux  and  of  the  ore,  and  unite  in 
the  bafon  at  the  bottom  of  the  furnace,  forming  a rnafs  of  duid  metal  covered  by 
a glady  fcoria.  When  a fufficient  quantity  of  this  duid  metal  is  collected,  which- 
is  generally  twice  or  thrice  in  24  hours,  an  aperture  is  made,  through  which  the 
metal  dows  into  a channel  or  groove  made  in  a bed  of  fand  ; and  from  thence  into 
fmaller  lateral  or  connected  channels,  or  other  moulds.  There  it  is  cooled,  be- 
comes folid,  and  retains  the  forms  of  the  channels  or  moulds  into  which  it  dows. 
The  piece  of  iron  formed  in  the  large  channel  is  called  a fow,  and  thofe  formed  in 
the  fmaller  channels  are  called  pigs.  Sometimes  the  duid  iron  is  taken  out  of  the 
furnace  by  means  of  ladles,  and  poured  into  moulds,  ready  prepared,  of  fand 
or  of  clay,  and  is  thus  formed  into  the  various  utendls  and  indruments  for  which 
cad  iron  is  a proper  material. 

The  fcoria  muft  be  from  time  to  time  allowed  to  dow  out,  when  aconfider- 
able  quantity  is  formed,  through  an  aperture  made  in  the  front  of  the  furnace  for 
that  purpofe.  A fufficient  quantity  of  it  muft,  however,  be  always  left  to  cover 
the  furface  of  the  melted  iron  elfe  the  ore  which  would  fall  upon  it,  before  the 
feparation  of  its  metallic  from  its  unmetallic  parts,  would  leflen  the  duidity  and 
injure  the  purity  of  the  melted  metal.  This  fcoria  ought  to  have  a certain  de- 
gree of  duidity  ; for  if  it  be  too  thick,  the  revived  metallic  particles  will  not  be 
able  to  overcome  its  tenacity,  and  collecl  together  into  drops,  nor  be  precipitated. 
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Accordingly,  a fcoria,  not  fufficiently  fluid,  is  always  found  to  contain  much- 
metal.  If  the  fcoria  be  too  thin,  the  metallic  particles  of  the  ore  will  be  precipi- 
tated before  they  are  fufficiently  metallized,  and  feparated  from  the  earthy  and 
unmetaliic  parts.  A due  degree  of  fluidity  is  given  to  the  fcoria,  by  applying,  a* 
proper  heat,  and  by  adding  fluxes  fuited  to  the  ore. 

Some  ores  are  fufible  without  addition,  and  others  cannot  be  fmelted  without 
the  addition  of  fubftances  capable  of  facilitating  their  fufion. 

The  fufible  ores  are  thofe  which  contain  fulphur,  arfenic,  or  are  mixed  with 
feme  fufible  earth. 

The  ores  difficultly  fufible  are,  thofe  which  contain  no  mixture  of  other  fub- 
ftance. Such  are  mod  of  the  ores  which  contain  iron  in  a flate  nearly  metallic. 
As  iron  itfelf,  when  purified  from  all  heterogeneous  matters,  is  fcarcely  fufible- 
without  addition,  fo  the  metal  contained  in  thefe  purer  kinds  of  ores  cannot  be 
eafily  extrafted  without  the  addition  of  fome  fufible  fubftance.  2.  Thofe  which 
are  mixed  with  fome  very  refraftory  fubftance.  Some  of  thefe  refractory  ores 
contain  arfenic;  but  as  this  fubftance  facilitates  the  fufion  of  iron,  we  may  pre- 
fume that  their  refraftory  quality  depends  upon  a mixture  of  fome  unmetaliic. 
earth  or  other  unfufible  fubftance.  The  earth  which  is  mixed  with  the  common 
calciform  ores  is  in  confiderable  quantity,  and  is  fometimes  calcareous,  fometimes 
filiceous,  and  fometimes  argillaceous. 

Keir  thinks  it  probable  that  the  fufibility  of  fome  ores  may  greatly  depend  on 
the  degree  of  calcination  to  which  the  metal  contained  in  them  has  been  reduced 
fince  we  have  reafon  to  believe,  that,  by  a very  perfedf  calcination,  fome  metals, 
at  leaft,  may  be  reduced  to  the  ftate  of  an  earth  almoft  unfufible,  and  fcarcely- 
capable  of  reduction;  and  fince  we  know,  that  in  every  calcination  and  fubfe- 
quent  reduction  of  a given  quantity  of  any  imperfedl:  metal,  a perceptible  part  of 
that  quantity  is  always  loft  or  deftroyed,  however  carefully  thefe  operations  may 
have  been  performed.  That  fome  of  thefe  ores  are  already  too  much  calcined* 
appears  from  the  inftance  above-mentioned  of  the. bog  ores,  which  are  injured  by 
roafting  ; and  even  the  great  height  of’ the  common  fmelting  furnaces,  although 
advantageous  to  many  ores  that  require  much  roafting,  is  faid  to  be  injurious  to 
thofe  which  are  already  too  much  calcined,  by  expofing  them  to  a further  calci- 
nation, during  their  very  gradual  defeent,  before_they  arrive  at  the  hotteft  part  of 
the  furnace,  where  they  are  fuled.. 

But,  as  too  violent  calcination  renders  fome  ores  difficultly  fufible ; fo,  too 
flight  calcination  of  other  ores  injures  the  purity  of  the  metal,  by  leaving  much, 
of  the  fulphureous  or  other  volatile  matter,  which  ought  td  have  been  expelled. 

Various  fubftances  are  added  to  affift  the  fufion  of  ores  difficultly  fufible. 
Thefe  are  : 1.  Ores  of  a fufible  quality,  or  which  being  mixed  with  others  of  a 
very  different  quality,  become  fufible  : accordingly  in  the  great  works  for  fmelt- 
ing ores  of  iron,  two  or  moie  different  kinds  of  ores  are  commonly  mixed,  to 
facilitate  the  fufion,  and  alfo  to  meliorate  the  quality  of  the  iron.  Thus  an  ore 
yielding  an  iron  which  is  brittle  wheahot,  which  quality  is  called  red-fhort,  and. 
another  ore  which  produces  iron  brittle  when  cold,  or  cold-fhort,  are  often  mixed 
together  ; not,  as  is  fometimes  fuppofed,  that  thefe  qualities  are  mutually  de- 
ftruftive  of  each  other,  but  that  each  of  them  is  diminilhed  in  the  mixed  mafs  of 
iron,  as  much  as  this  mafs  is  larger  than  the  part  of  the  mafs  originally  poflefled 
of  that  quality.  Thus,  if  from  two  fuch  ores  the  mafs  of  iron  obtained  confifts  of 
equal  parts  of  cold-lhort  and  of  red- Ihort*  iron,  it  will  have  both  thefe  qualities, 
but  will  be  only  half  as  cold-lhort  as  iron  obtained  folely  from  one  of  the  ofes,  and 
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lialf  as  red-fhort  as  iron  obtained  only  from- the  other  ore.  ^.Earths  and  ftones 
are  alfo  generally  added  to  facilitate  the  fufion  of  iron  ores.  Thefe  are  fuch  as 
are  fufible,  or  become  fufible  when  mixed  with  the  ore,  or  with  the  earth  ad- 
hering to  it.  Authors  direft,  that,  if  this  earth  be  of  an  argillaceous  or  filiceous 
. nature,  limeftone  or  fome  calcareous  earth  fhould  be  added;  and  that  if  the  ad- 
herent earth  be  calcareous,  an  argillaceous  or  filiceous  earth  fhould  be  added ; 
becaufe  thefe  two  earths,  though  fingly  unfufible,  yet,  when  mixed,  mutually 
promote  the  fulion  of  each  other  : but  as  lime-ftone  is  almoft  always  added  in 
the  fmelting  of  iron  ores,  and  as  in  fome  of  thefe,  at  leaft,  no  argillaceous  or 
filiceous  earth  appears  to  be  contained,  Keir  is  inclined  to  believe,  that  it  generally 
facilitates  the  fufion,  not  merely  by  uniting  with  thofe  earths,  but  by  uniting 
with  that  part  of  the  ore  which  is  inoft  perfedly  calcined,  and  lead  difpofed  to 
metallization;  fince  we  know,  that  by  mixing  a calciform  or  roafted  ore  of  iron 
with  calcareous  earth,  without  any  inflammable  matter,  thefe  two  fubftances  may 
be  totally  vitrified.  See  Experiments  made  upon  Quick-lime,  and  upon  Iron, 
by  Mr.  Brandt,  in  the  Swedifh  Memoirs  for  the  years  1749  and  1751.  Calcareous 
^arth  does  indeed  fo  powerfully  facilitate  the  fufion  of  iron  ores,  that  it  deferves 
to  be  considered  whether  workmen  do  not  generally  ufe  too  great  a quantity  of 
it,  in  order  to  haften  the  operation.  For  when  the  fcoria  is  rendered  too  thin, 
much  earthy  or  unmetallized  matter  is  precipitated,  and  the  call  iron  produced 
is  of  too  vitreous  a quality,  and  not  fufficiently  approximated  to  a true  metallic 
date. 

Some  authors  pretend,  that  a principal  ufe  of  the  addition  of  lime-ftone  in  the 
fmelting  of  iron  ores  is  to  abforb  the  fulphur,  or  vitriolic  acid,  of  thefe  ores  : bur, 
as  we  have  already  obferved,  a hepar  of  fulphur  is  formed  by  that  mixture  of 
calcareous  earth  and  fulphur,  which  is  capable  of  diflolving  iron  in  a metallic 
ftate;  and  thus  the  quantity  of  metal  obtained  from  an  ore  not  diffidently  divefted 
of  its  fulphur,  or  vitriolic  add,  (which,  by  uniting  with  the  fuel,  is  formed  into 
a fulphur  during  the  fmelting)  muft  be  confiderably  diminifhed,  though  rendered 
purer  by  addition  of  calcareous  earth  : hence  the  utility  appears,  of  previoufly  ex- 
pelling the  fulphur  and  vitriolic  acid  from  the  ore  by  a fufficient  roafting.  3. 
The  fcoria  of  former  fmeltings  is  frequently  added  to  affift  the  fufion  of  the  ore  -y 
and  when  the  fcoria  contains  much  iron,  as  fometimes  happens  in  ill-conduded 
operations,  it  alfo  increafes  the  quantity  of  metal  obtained. 

The  quantity  of  thefe  fufible  matters  to  be  added,  varies  according  to  the  na- 
ture of  the  ore;  but  ought  in  general  to  be  fuch,  that  the  fcoria  (hall  have  its 
requifite  degree  ofthinnefs,  as  is  mentioned  above. 

The  fuel  ufed  in  moft  parts  of  Europe  for  the  fmelting  of  ores  of  iron  is  char- 
coal. Lately,  in  feveral  works  in  England  and  Scotland,  iron  ore  has  been 
fmelted  by  means  of  pit-coal,  previoufly  reduced  to  cinders  or  coaks,  by  a kind 
of  calcination  (imilar  to  the  operation  for  convening  wood  into  charcoal,  by  which 
the  aqueous  and  fulphureous  parts  of  the  coal  are  expelled,  while  only  the  more 
fixed  bituminous  parts  are  left  behind.  In  France,  pit-coal  not  calcined  has 
been  tried  for  this  purpofe,  but  unfuccefsfully.  The  ufe  of  peat  has  alfo  been  in- 
troduced in  fome  parts  of  England. 

The  quality  of  the  iron  depends  confiderably  upon  the  quality,  and  alfo  upon 
the  quantity  of  the  fuel  employed.  Charcoal  is  fitter  than  coaks  for  producing 
an  iron  capable  of  being  rendered  malleable  by  forging. 

The  quantity  of  fuel,  or  the  intenfity  of  the  heat,  muft  be  fuited  to  the  greater 
ox  lefs  fulibility  of  the  ore.  Sulphureous  and  other  ores  eafily  fufible  require 
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lefs  fuel  than  ores  difficultly  fufihle.  In  general,  if  the  quantity  of  fuel  be  too 
'fmall,  and  the  heat  not  fufficiently  intenfe,  all  the  iron  will  not  be  reduced,  and 
much  of  it  will  remain  in  the  fcoria,  which  will  not  be  fufficiently  thin.  This 
defedt  of  fuel  may  be  known  by  the  blacknefs  and  compatftnefs  of  the  fcoria,  by 
the  qualities  of  the  iron  obtained,  which  in  this  cafe  is  hard,  white,  light,  inter- 
mixed with  fcoria,  fmooth  in  its  texture,  without  fcales  or  grains,  rough  and 
convex  on  its  furface,  and  liable  to  great  lofs  of  weight  by  being  forged;  and 
laftly,  it  may  be  known  by  obfervingthe  colour  and  appearance  of  the  drops  of 
metal  falling  down  from  the  fmelted  ore,  and  of  the  fcoria  upon  the  furface  of 
the  fluid  metal,  both  which  are  darker  coloured  than  when  more  fuel  is  ufed. 
When  the  quantity  of  fuel  is  fufficiently  large,  and  the  heat  is  intenfe  enough,  the 
iron  is  darker  coloured,  denfer,  more  tenacious,  contains  lefs  fcoria,  and  is  there- 
fore lefs  fufible,  and  lofes  lefs  of  its  weight  by  being  forged.  Its  furface  is  alfo 
fmoother  and  fomewhat  concave;  and  its  texture  is  generally  granulated.  The 
fcoria  in  this  cafe  is  of  a lighter  colour  and  lefs  denfe.  The  drops  falling  from 
the  fmelting  ore,  and  the  liquid  fcoria  in  the  furnace,  appear  hotter  and  of  a 
brighter  colour.  When  the  quantity  of  fuel  is  too  great,  and  the  heat  too  in- 
tenfe,  the  iron  will  appear  to  have  a ftill  darker  colour,  and  more  confpicuous 
grains  or  plates  ; and  the  fcoria  will  be  lighter,  whiter,  and  more  fpongy.  The 
drops  falling  from  the  fmelted  ore,  and  the  fluid  fcoria,  will  appear  to  a perfon 
looking  into  the  furnace  through  the  black  hole  to  be  very  white  and  fhining  hot,- 
The  quantity  of  charcoal  neceflary  to  produce  five  hundred  weight  of  iron,  when 
*he  ore  is  rich,  the  furnace  well  contrived,  and  the  operation  fkilfully  conduced, 
is  computed  to  be  about  forty  cubic  feet;  but  is  much  more  in  contrary  circum- 
ftances. 

The  time  during  which  the  fluid  metal  ought  to  be  kept  in  fufion  before  it  is 
allowed  to  flow  out  of  the  furnace,  muft  be  alfo  attended  to.  In  fome  works  the 
metal  is  allowed  to  flow  out  of  the  furnace  every  fix  or  eight,  and  in  others  only 
•every  ten  or  twelve  hours.  Some  workmen  imagine,  that  a confiderable  time  is 
neceflary  for  the  conco&ion  of  the  metal.  This  is  certain,  that  the  iron  under- 
goes fome  change  by  being  kept  in  a fluid  ftate  ; and  that  if  its  fufion  be  pro- 
longed much  beyond  the  ufual  time,  it  is  rendered  lefs  fluid,  and  alfo  its  cohe- 
fion,  when  it  becomes  cold,  is  thereby  greatly  diminiflied.  The  quantity  of 
iron  daily  obtained  from  fuch  a furnace  as  is  above  defcribed,  is  from  two  to  five 
tons  in  24  hours,  according  to  the  richnefs  an-d-  fufibility  of  the  ore,  to  the  con- 
ftru&ion  of  the  furnace,  to  the  adjuftment  of  the  due  quantity  of  flux  and  of 
fuel,  and  to  the  /kill  employed  in  conducing  the  operation. 

The  quality  of  the  iron  is  judged  by  obferving  the  appearances  during  its 
•flowing  from  the  furnace,  and  when  it  is  fixed  and  cold.  If  the  fluid  iron,  while 
it  flow's,  emits  many  and  large  fparkles ; if  many  brown  fpots  appear  on  it  while 
it  is  yet  red-hot ; if,  when  it  is  fixed  and  cold,  its  corners  and  edges  are  thick  and 
rough,  and  its  furface  is  fpotted  ; it  is  known  to  have  a red-lhort  quality.  If,  in 
flowing,  the  iron  feems  covered  with  a thin  glafly  cruft,  and  if,  when  cold,  its 
texture  be  whitilh,  it  is  believed  to  be  cold-fliort.  M.  Reaumur  fays,  that  dark- 
coloured  caft-iron  is  more  impure  than  that  which  is  white.  The  Marquis  de 
Court!  vron  is  of  a contrary  opinion.  But  no  certain  rules  forjudging  of  the  qua- 
lity of  iron  before  it  be  forged  can  be  given.  From  brittle  caft-iron,  fometimes 
dudtile  forged-iron  is  produced.  Caft-iron  with  brilliant  plates  and  points,  when 
forged,  becomes  fometimes  ,red-fhort,  and  fometijnes  cold-lhort.  Large  Alining 
•piates,  large  cavities  called  -eyes,  want  of  fufficiont  denfity,  are  almbil  certain. 
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marks  of  bad  iron;  but  whether  it  will  be  cold  or  red-fhort  cannot  be  affirmed 
till  it  be  forged.  Whitenefs  of  colour,  brittlenefs,  clofenefs  of  texture,  and 
hardnefs,  are  given  to  almoft  any  caft-iron  by.fudden  cooling;  and  we  may  ob- 
ferve,  that  in  general  the  whiter  the  metal  is,  the  harder  it  is  alfo,  whether  thefe- 
properties  proceed  from  the  quality  of  the  iron,  or  from  fudden  cooling;  and 
that,  therefore,  the  darker  coloured  iron  is  fitter  for  being  call:  into  moulds,  be- 
caufe  ir  feems  capable  of  being  filed  and  polifhed,  efpecially  after  it  has  been 
expofed,  during  feveral  hours,  to  a red  heat  in  a reverberatory  furnace,  and 
very  gradually  cooled.  This  operation,  ealied-by-the  workmen  annealing,  changes 
the  texture  of  the  metal,  renders  it  fofter,  and  more  capable  of  being  filed  than 
before,  and  alfo  confiderably  lefs  brittle. 

It  is  in  fad  capable  of  being  foftened  by  annealing,  and  hardened  by  fuddera; 
cooling  like  fteel,  through  the  heat  regained,  for  thefe  changes  are  greater,. 
Many  artifts  avail  themfelves  of  this  property  to  advantage.  See  Iron. 

In  Navarre,  and  in  fome  of  the  fouthern  parts  of  France,  iron  ore  is  fmelted 
in  furnaces  much  fmaller,  and  of  a very  different  conftrudion  from  thofe  above 
defcribed.  A furnace  of  this  kind  eonfifts-  of  a wide-mouthed  copper  caldron, 
the  inner  furface  of  which  is  lined  with  mafonry  a foot  thick.  The  mouth  of 
the  caldron  is  nearly  of  an  oval  or  elliptic  form.  The  fpace  or  cavity  contained 
by  the  mafonry  is  the  furnace  in  which  the  ore  is  fmelted.  The  depth  of  this 
cavity  is  equal  to  two  feet  and  a half ; the  larger  diameter  of  the  oval  mouth  of 
the  cavity  is  about  eight  feet  ; and  its  fmaller  diameter  is  about  fix  feet  ; the  fpace 
of  the  furnace  is  gradually  contraded  towards  the  bottom,  the  greateft  diamelee 
of  which  does  not  exceed  fix  feet:,  eighteen  inches  above  the  bottom  is  a cylin- 
drical channel  in  one  of  the  longer  fides  of  the  caldron  and  mafonry,  through 
which  the  nozzle  of  the  bellows  paffes.  This  channel,  and  alfo  the  bellows-pipe, 
are  fo  inclined,  that  the  wind  is  direded  towards  the  lowed  point  of  the  oppofite 
fide  of  the  furnace.  Another  cylindrical  channel  is  in  one  of  the  Ihorter  fides  of 
the  furnace,  at  the  height  of  a few  inches  from  the  bottom,  which  is  generally 
kept  clofed,  and  is  opened  occafionally  to  give  paffage  to  the  fcoria ; and  above 
this  is  a third  channel,  in  the  fame  fide,  of  the  furnace,  through  which  an  iron 
inftrument  is  occafionally  introduced  to  ftir  the  fluid  metal,  and  to  affift,  as  is 
faid,  the  feparation  of  the  fcoria  from  it.  The  greateft  height  of  this  channel  is 
at  its  external  aperture  on  the  outfide  of  the  furnace,  and  its  fmaller  height  is  at 
its  internal  aperture,  fo  that  the  inftrument  may  be  direded  towards  the^ bottom 
of  the  furnace  ; but  the  fecond  channel  below  it  has  a contrary  inclination,  that 
when  an  opening  is  made,  the  fcoria  may  flow  out  of  the  furnace  into  a bafon  placed 
for  its  reception.  When  the  furnace  is  heated  fufficiently,  the  workmen  begin  to 
throw  into  it  alternate  charges  of  charcoal,  and  of  ore  previoufly  roafied.  They 
lake  care  to  throw  the  charcoal  chiefly  on  that  fide  at  which  the  wind  enters,  and 
the  ore  at  the  oppofite  fide.  At  the  end  of  about  four  hours  a mafs  of  iron  is 
colleded  at  the  bottom  of  the  furnace,  which  is  generally  about  fix  hundred 
weight : the  bellows  are  then  flopt ; and  when  the  mafs  of  iron  is  become  folid^ 
the  workmen  raife  it  from  the  bottom  of  the  furnace,  and  place  it,  while  yet 
foft,  under  a large  hammer,  where  it  is  forged.  The  iron  produced  in  thefe. 
furnaces  is  of  the  beft  quality  ; the  quantity  is  alfo  very  confiderable,  in  propor- 
tion to  the  quantity  of  ore,  and  to  the  quantity  of  fuel  employed.  In  thefe 
furnaces  no  lime-ftone  or  other  fubftance  is  ufed  to  facilitate  the  fufion  of  the 
ore.  We  flhould  receive  much  inftrudion  concerning  the  fmelting  of  iron  ore, 
if  we  knew  upon  what  part  of  the  procefs  or  circumftance  the  excellence  of  the 
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iron  obtained  in  thefe  furnaces  depends ; whether  on  the  quality  of  the  ore;  on 
the  difufe  of  any  kind  of  flux,  by  which  the  proportion  of  vitreous  or  earthy 
matter,  intermixed  with  the  metallic  particles,  is  diminilhed ; on  the  forging 
while  the  iron  is  yet  foft  and  hot,  as  the  Marquis  de  Courtivron  thinks ; or  on 
fome  other  caufe  not  obferved. 

To  feparate  the  impurities  from  call-iron,  and  to  unite  the  metallic  parts  more 
clofely  and  compa&ly,  and  thus  to  give  it  the  dudility  and  tenacity  which  render 
this  metal  more  ufeful  than  any  other,  are  the  effects  produced  by  the  following 
operations : 

The  firft  of  thefe  operations  is  afulion  of  the  iron,  by  which  much  of  its  im- 
purities is  feparated  in  form  of  fcoria;  and  by  the  fecond  operation,  a further 
and  more  complete  feparation  of  thefe  impurities,  and  alfo  a clofer  compadion 
of  the  metallic  particles,  are  effeded  by  the  application  of  mechanical  force  or 
preffure,  by  means  of  large  hammers. 

Some  differences  in  the  conftrudion  of  the  forge  or  furnace,  in  which  the 
fufion  or  refining  of  caft-iron  is  performed,  in  the  method  of  conduding  the 
operation,  and  in  fome  other  circumflances,  are  obferved  to  occur  in  different 
places.  The  following,  extraded  by  Keir  from  Swedenborgius,  is  the  German 
method. 

The  fufion  of  the  caft-iron,  which  is  to  be  rendered  malleable,  is  performed 
upon  the  hearth  of  a forge  fimilar  to  that  ufed  by  blackfmiths : at  one  fide  of 
this  hearth  is  formed  a cavity  or  fire-place,  which  is  intended  to  contain  the  fuel 
and  the  iron  to  be  melted : this  fire-place  is  twenty  inches  long,  eighteen  inches 
broad,  and  twelve  or  fourteen  inches  deep;  it  is  bounded  on  three  fides  by  three 
plates  of  caft-iron  placed  upright,  and  on  the  fourth  fide,  which  is  the  front,  or 
that  part  neareft  to  which  the  workmen  (land,  by  a large  forge  hammer,  through 
the  eye  of  which  the  fcoria  is  at  certain  times  allowed  to  flow.  The  floor  alfo  of 
the  fire-place  is  another  caft-iron  plate.  The  thicknefs  of  thefe  plates  is  from  two 
to  four  inches.  One  of  the  upright  fide  plates  refts  againft  a wall,  in  an  aper- 
ture through  which  a copper  tube,  called  the  turgere,  is  luted  with  clay.  This 
tube  is  a kind  of  cafe  or  covering  for  the  pipe  of  a pair  of  bellows  placed  behind 
the  wall,  and  its  direction  is  therefore  parallel  to  that  of  the  bellows-pipe ; but 
it  advances  about  half  a foot  further  than  this-pipe  into  the  fire-place,  and  thus 
gives  greater  force  to  the  air,  which  it  keeps  concentrated,  or  prevents  the  diver- 
gency of  the  air,  till  it  is  requifite  to  a<ft.  The  tube  refts  upon  the  upper  edge 
of  the  fide-plate  which  leans  againft  the  wall,  nearer  to  the  back  part  than  to  the 
front  of  the  fire-place,  and  in  fuch  an  oblique  diredlion,  that  the  wind  fball  be 
impelled  towards  the  furtheft  part  of  the  floor  of  the  fire-place,  or  where  this 
floor  is  interfered  by  the  oppofite  fide-plate.  The  obliquity  of  the  turgere  ought 
to  vary  according  to  the  quality  of  the  iron  : and  therefore,  in  every  operation  it 
may  be  fluffed  till  its  proper  pofition  is  found.  The  more  nearly  its  diredlion 
■approaches  to  a horizontal  plane,  the  more  intenfe  is  the  heat;  but  a larger  quan- 
tity of  fuel  is  confumed  than  is  even  proportional  to  the  incrcafe  of  heat,  becaufe 
■the  flame  is  not  then  fo  well  confined.  When  the  iron  is  eafily  fufible,  great 
heat  is  not  required  : the  turgere  may  then  decline  confiderably  from  the  hori- 
zontal plane,  and  thus  fuel  may  be  faved.  This  turgere,  though  made  of  copper, 
a metal  more  eafily  fufible  than  iron,  is  preferved  from  fufion  by  theconftant  paf- 
fage  of  cold  air  through  it.  It  tnuft  be  carefully  kept  open,  and  cleanfed  from 
the  fcoria,  which  would  be  apt  to  block  its  cavity,  by  which  not  only  the  heat 
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would  be  too  much  diminifhed  for  the  fuccefs  of  the  operation,  but  the  tube  it- 
felf  would  be  melted. 

To  prepare  for  the  fufion,  a quantity  of  fcoria  of  a former  operation  is  thrown 
into  the  fire-place,  till  one-third  part  of  this  be  full ; and  then  the  remaining 
two-thirds  of  the  fire-place  are  to  be  filled  with  fmaller  fcoria,  coal-duft,  and 
fparks  ejeited  from  hot  iron.  Thefe  matters,  being  fufible,  form  a bath  for  the 
reception  of  the  iron  when  melted.  Upon  this  bed  of  fcoria  the  mafs  of  caft- 
iron  to  be  melted  is  placed;  fo  that  one  end  of  it  fhall  be  within  the  fire-place* 
oppofite  to  the  turgere,  and  at  the  diftance  of  about  four  or  five  inches  from  its 
aperture and  the  other  end  (hall  ftand  without  the  fire-place,  to  be  pufhed  in  as 
the  former  is  melted.  The  upper  fide  of  the  mafs  of  iron  ought  to  be  in  the  fame 
horizontal  plane  as  the  upper  part  of  the  orifice  of  the  turgere,  that  the  wind 
may,  by  means  of  the  obliquity  of  its  courfe,  ftrike  upon  and  pafs  along  the 
under-fide  of  the  mafs  : but  if  the  iron  be  difficultly  fufible,  the  turgere  is  to  be 
difpofed  more  horizontally,  fo  that  the  wind  fhall  finks  direitly  upon  the  mafs  of 
iron;  and  that  one  part  of  the  blaft  fhall  graze  along  the  upper  furface,  and  the 
other  part  along  the  under- furface  of  the  iron.  The  mafs  ofiron  weighs  generally 
from  200  to  400  pounds.  Sometimes  two  or  three  fmaller:  maftes  are  put  one 
above  another,  fo  as  not  to  touch.  When  thefe  are  of  different  qualities,  the  cold- 
fhort  piece  is  placed  undermoft,  that,  being  more  unfulible  than  the  red-fhort. 
The  iron  being  placed,  charcoal  powder  is- throwa  on  both  fides ; and  coals  are 
accumulated  above,  fo  as  to  cover  entirely  the  iron.. 

The  coals  are  then  to  be  kindled,  and  the  bellows  are  made  to  blow, .at  firfl 
fiowly,  and  afterwards  with  gradually  increafed  force.  The  iron  is  liquefied  by) 
degrees,  and  flows  down  in  drops  through  the  melted  fcoria  to  the  bottom  of  tha 
fire-place;  during  which  the  workmen  frequently  turn  the  iroD,  fo  that  the  end 
oppofed  to  the  blaft  of  wind  may  be  equally  expofed  to  heat,  and  uniformly  fufed^ 
While  the  coals  are  confumed,  more  are  thrown  on,  fo  that  the  whole  may  bo 
kept  quite  covered.  During  the  operation,,  a workman  frequently  founds  the 
bottom  and  corners  of  the  fire-place,  by  means  of  a bar  or  poker,  raifes  up  any) 
mafs  of  metal  which  he  finds  adhering  to  thefe,  and  expofes  them  to  the  greateft 
heat,  that  they  may  be  more  perfeitly  fufed. 

When  all  the  iron  is  fufed,  no  more  coals  are  to  be  added,  but  the  melted 
mafs  is  to  remain  half  uncovered  for  fome  time;  during  which  the  iron  boils  and 
bubbles,  and  its  furface  fwells  and  rifes  higher  and  higher.  When  the  iron  has 
rifen  as  high  as  the  upper-edge  of  the  fire-place,  the  coals  upon  its  furface  muft 
be  removed;  and  by  thusexpofing  it  to  cold  air,  its  ebullition  and  fwelling  fub- 
fide.  In  thisftate,  or  coition,  the  iron  is  kept  during  half  an  hour,  or  more,  by 
adding  occafionally  pieces  of  good  coal,  which  maintain  a fufficient  heat,  without 
covering  entire  the  furface  of  the  mafs..  During  this  coition,  the  workmen  allow 
the  orifice  of  the  turgere  to  be  half  flopped  up  by  the  fcoria,  that  the  air  may  not 
blow  upon  die  iron  with  all  its  farce,  by  which  it  would  be  too  much  cooled. 
Accordingly,  when  they  think  that  the  coition  has  continued  fufficiently  long, 
they  clear  tile  paflage  of  the  turgere,  and  the  mafs  is  foon  cooled  by  the  cold  air  : 
at  the  fame  time  alfo,  they  open  a paflage  in  the  eye  of  the  hammer  placed  in. the 
front  of  the  fire-place,  through  which  fome  of  the  fcoria  is.  allowed  to  flow  out. 
When  the  iron  has  become  folid,  the  bellows  are  ftopt,  the  coals  are  removed, 
and  the  mafs  is  left,  during  an  hour  ; and  then  the  workmen  raife  it  from  the  fire- 
place, turn  it  upfidedown,  and  proceed  to  the  fecond  coition  or  fufion  of  the  iron. 
* * For; 
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For  thisfecond  operation,  the  mafs  is  to  be  fo  placed  that  one  part  of  it  (hall 
reft  upon  the  turgere,  and  the  other  upon  the  fcoria  remaining  in  the  fire-place. 
This  fcoria  is  to  be  difpofed  in  an  oblique  direction,  parallel  to  the  turgere,  by 
which  means  the  wind  of  the  bellows  is  obliged  to  pafs  all  along  the  under  fide 
of  the  mafs  of  iron.  About  the  fides  of  the  mafs,  charcoal- powder  and  burnt  allies 
are  thrown  ; but  towards  the  turgere,  dry  and  encire  pieces  of  coals  are  placed 
to  maintain  the  fire.  When  thefe  are  kindled,  more  coals  are  added,  and  the  fire 
is  gradually  excited.  The  workman  attends  to  the  direction  of  the  flame,  that  it 
pafs  equally  along  under  the  furface  of  the  iron,  quite  to  the  further  extremity, 
and  that  it  do  not  efcape  at  the  fides,  nor  be  reverberated  back  towards  the  tur- 
gere, by  which  this  copper  tube  might  be  melted.  During  this  fufion,  pieces  of 
iron  are  apt  to  be  fepa,rated  from  the  mafs,  and  to  fall  down  unfufed  to  the 
bottom  and  corners  of  the  fire-place.  Thefe  are  carefully  to  befearched  for  and 
expofed  to  the  greateft  heat  till  they  are  melted.  When  the  whole  mafs  is.  thus 
brought  into  perfect  fufion,  the  coals  are  removed,  and  the  wind  blowing  on  its 
furface,  whirls  and  diffi pates  the  frnall  remaining  pieces  of  fcoria,  and  fparks 
thrown  out  from  the  fluid  iron.  This  jet  of  fire  continues  about  feven  or  eight 
minutes,  and  the  whole  operation  about  tv/o  hours.  In  this  fecond  fufion  the 
fcoria  is  to  be  thrice  removed,  by  opening  a pafliige  through  the  eye  of  the  ham- 
mer. The  firft  time  of  removing  the  fcoria  is  about  twenty  minutes  from  the 
kindling  of  the  fire  ; the  fecond  time  is  about  forty  minutes  after  the  firft  ; and 
the  third  time  is  near  the  end  of  the  operation. 

The  mafs  is  then  removed  from  the  hearth,  and  put  upon  the  ground  of  the 
forge,  where  it  is  cleanfed  from  fcoria,  and  beat  into  a more  uniform  (bape.  It 
is  then  placed  on  an  anvil,  where,  by  being  forged,  it  receives  a form  nearly 
cubical.  This  mafs  is  to  be  divided  into  five,  fix,  or  more  pieces,  by  means  of 
a wedge  ; and  ’thefe  are  to  be  heated  and  forged  till  they  are  reduced  to  the  form 
of  the  bars  commonly  fold. 

In  fome  forges  the  iron  is  fufed  only  Once,  and  m others  it  fuffers  three  fufions; 
by  which  it  is  faid  to  be  rendered  very  pure.  Where  only  one  fufion  is  praeftifed^ 
it  is  called  the  French  method.  In  this  no  greater  quantity  of  iron  is  fufed  at 
once  than  is  fufficient  to  make  one  bar.  The  fire-place  is  of  confiderable  lefs 
dimenfions,  and  efpecially  is  lefs  deep  than  in  the  German  method  above  deferib- 
ed.  The  fire  is  alfo  more  intenfe,.  and  the  proportion  of  fuel  confumed  to  the- 
iron  is  greater.  The  iron,  when  melted,  is  not  kept  in  a ftate  of  ebullition,  as  is 
above  deferibed  ; but  this  ebullition  is  prevented  by  ftirring  the.  fluid- mafs  with 
an  iron  bar,  till  it  is  coagulated  and  becomes  folid. 

By  thefe  operations,  fufion  and  forging,  the  iron  lofes  abbut  4 y parts  of  its 
former  weight,  fometimes  more,; and  fometimes  lefs,  according  to  the  quality  of  the. 
caft-iron  employed  ; it-  is  purified  from  the  vitreous  and  earthy  parts  which  were 
intermixed  with  it ; its  metallic  particles  are  more  clofely  compared,  its  texture 
is  changed,  and  it  is  rendered  more  denfe,  foft,  and  malleable,  tough,  and  diffi- 
cultly fufible. 

The  degrees,  however,  of  thefe  qualities  vary  much  in  different  kinds  of  iron. 
Thus  fome  iron  is  tough  and  malleable,  both  when  it  is  hot  and  when  it  is  cold. 
This  is  the  beft  and'  moft  ufeful  iron.  It  may  be  known  generally  by  the  equable 
furface  of  the  forged  bar,  which  is  free  from  tranfverfe  fifiures  or  cracks  in  the 
edges;  and  by  a clear,  white,  fmall-grained,  or  rather  fibrous  texture.  Another 
kind  is  tough  when  it  is  heated,  but  brittle  when  it  is  cold.  This  is  called  cold- 
fhort  iron,  and  is  generally  known  by  a texture  conflicting  of  large  fhining  plates* 
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without  any  fibres.  It  is  lefs  liable  to  ruft  than  other  iron.  A third  kind  of  iron,' 
called  red  dhort,  is  brittle  when  hot,  and  malleable  when  cold.  On  the  furface 
and  edges  of  the  bars  of  this  kind  of  iron,  tranfverfe  cracks  or  fiiTures  may  be 
feen  ; and  its  internal  colour  is  dull  and  dark.  It  is  very  liable  to  ruft.  Lafily, 
fome  iron  is  brittle,  both  when  hot  and  when  cold. 

Many  authors  affert  that  the  red-fhort  quality  of  iron  proceeds  from  fome 
fulphur  or  vitriolic  acid  being  contained  in  it,  becaufe  fulphur  is  known  to  pro- 
duce this  effedt  when  added  to  iron,  and  becaufe  the  iron  obtained  from  pyritous 
and  other  fulphurated  ores  has  generally  this  quality.  It  is  with  more  probability 
afferted  by  others  to  arife  from  arfenic^  but  1 know  of  no  diredfc  experiments 
which  afcertain  this  fadt. 

The  G*ufe  of  the  cold-fliort  quality  of  iron  is  well  afcertained  to  arife  from 
the  prefetHce  of  phofphorus,  or  its  acid. 

In  one  bar  frequently  two  or  more  different  kinds  of  iron  may  be  obferved, 
which  run  all  along  its  whole  length;  and  fcarcely  a bar  is  ever  found  of  entirely 
pure  and  homogeneous  iron.  This  difference  probably  proceeds  from  the  prac- 
tice we  have  mentioned  of  mixing  different  kinds  of  ores  together  in  the  fmelting, 
and  alfo  from  the  pradtice  of  mixing  two  or  more  pigs  of  caft-iron  of  different 
qualities  in  the  finery  of  thefe;  by  which  means  the  red-lhortand  the  cold-fliort 
qualities  of  the  different  kinds  are  not,  as  we  have  already  remarked,  mutually 
counteracted  or  deftroyed  by  each  other  ; but  each  of  thefe  qualities  is  diminifhed 
in  the  mixed  mafs  of  iron,  as  much  as  this  mafs  is  larger  than  the  part  of  the 
mafs  originally  poffeffed  of  that  quality  : that  is,  if  equal  parts  of  red-  fhort  and  of 
cold-fliort  iron  be  mixed  together,  the  mixed  mafs  will  be  only  half  as  red  fir  or  t 
as  the  former  part,  and  half  as  cold-fliort  as  the  latter.  For  thefe  different 
kinds  of  iron  f?em  as  if  they  were  only  capable  of  being  interwoven  and  diffufed 
through  each  other,  but  not  of  being  intimately  united  or  combined. 

The  quality  of  forged  iron  may  be  known  by  the  texture  which  appears  on 
breaking  a bar.  The  befit  and  tougheft  iron  is  that  which  has  the  molt  fibrous 
texture,  and  is  of  a clear  grayilh  colour.  This  fibrous  appearance  is  given  by 
the  refifltance  which  the  particles  of  the  iron  make  to  their  rupture.  The  next 
befit  iron  is  that  whofe  texture  confifts  of  clear  whitifli  fmall  grains,  intermixed 
with  fibres.  Thefe  two  kinds  are  malleable,  both  when  hot  and  when  cold,  and 
have  great  tenacity.  Cold-fliort  iron  is  known  by  a texture  confifling  of  large 
Aiming  plates,  without  fibres;  and  red-fhort  iron  is  difltinguifhed  by  its  dark 
dull  colour,  and  by  the  tranfverfe  cracks  and  fiffures  on  the  furface  and  edges  of 
the  bars.  The  quality  of  iron  may  be  much  improved  by  violent  compreffion, 
as  by  forging  and  rolling,  efpecially  when  it  is  not  long  expofed  to  too  violent 
heat,  which  is  known  to  injure,  and  at  length  to  deftroy,  its  metallic  properties. 

The  following  procefles  are  fufficient  to  diredt  the  affay  of  iron  ores  in  the 
furnace.. 

Process  T. 

(Extradled  from  Cramer’s  Art  of  Allaying,  procefs  54.) 

To  reduce  or  -precipitate  iron  out  of  its  ore  in  a cloje  veffel. 

Roaft  for  a few  minutes  in  a teft  under  a muffle,  and  with  a pretty  ftrong  fire, 
two  centners  of  the  fmall  weight  of  your  iron  ore,  grofsly  pulverifed,  that  the  vola- 
tile matters  may  be  diffipated  in  part,  and  the  ore  itfelf  be  fofcened  in  cafe  it 
ihould  be  too  hard.  When  it  is  grown  cold,  beat  it  extremely  fine,  and  roafi;  it 
a fecond  time,  as  you  do  the  jcopper  ore,  but  in  a much  ftronger  fire,  till  it  no 
longer  emits  any  fmell;  then  let  it  grow  cold  again.  Compofe  a flux  of  three 
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parts  of  the  white  flux,,  with  one  part  of  fufible  pulverifed  glafs,  or  of  the  like 
fteriie  unfulphureous  fcorias,  and  add  fandiver  and  coal-duft,  of  each  one-half 
part;  add  of  this  flux  three  times  the  quantity  of  your  roafted  ore,  and  mix  the 
whole  very  well  together.;  then  choofe  a very  good  crucible,  well  rubbed  with 
Jute  within,,  to  flop  the  pores  which  may  remain  in  different  places  unfeen;  put 
into  it  the  ore  mixed  with  the  flux;  co'  er  it  over  with  common  fait,  and  fhut  it 
elofe  with  a tile,  and  with  lute  applied  to  the  points. 

Put  the  wind-furnace  upon  its  bottom  part,  having  a bed  made  of  coal-duft.. 
Introduce  belides  into  the  furnace,  a fmall  grate  fupported  on  its  iron  bars,  and  a 
ftone  upon  it,  whereon  the  crucible  may  ftand,  as  on  a fupport;  furround  the  whole 
with  hard  coals,  not  very  large*  and  light  them  at  top:  when  the  vefiH  begins 
to  grow  red,  which  is  indicated  by  the  common  falts  ceafingto  crackle,  hop  with 
grofs  lute  the  holes  of  the  bottom  part  of  the  furnace,  except  that  in  which  the  noz- 
zle of  the  bellows  is  received;  blow  the  fire, and  excite  it  with  great  force,  adding 
now  and  dien  frefh  fuel,  that  the  veffef  may  never  be  naked  at  top : having  thus 
continued  your  fire  in  its  full  ftrength  for  three  quarters  of  an  hour,  or  for 
a whole  hour,  in  the  next  place  take  the  veffel  out  of  it,  and  ftrike  feveral  times 
the  pavement  upon  which  it  is  fet,  that  the  fmall  grains  of  iron  which  happen  to 
be  difperfed  may  be  collected  into  a regulus,  which  you  will  find  after  having 
broken  the  veliSl. 

When  the  regulus  is  weighed,  try  its  malleability ; then  make  it  red  hot ; and 
when  it  is  fo,  ftrike  it  with  a hammer : if  it  bears  the  ftrokes  of  a hammer,  both 
when  red-hot  and  when  cold,  and  extends  a little,  you  may  pronounce  your  iron 
very  good  ^ but  if,  when  either  hot  or  cold,  it  proves  brittle,  you  may  judge  it 
to  be  not  quite'pure,  but  ftill  partly  mineralized. 

Remarks.  The  arfenic,  but  efpecially  the  fulphuiy  muft.  be  difiipated  by  roaft- 
ing  ; for  the  former  renders  the  iron  brittle,  and  the  latter  not  only  does  the  fame, 
but  being  managed  in  a elofe  veffel,  with  a faline  alkaline  flux,  turns  to  liver  of 
fulphur;  which  a&sftrongly  upon  the  iron,,  and  prevents  its  reduction  : fo  that 
the  whole,  or  a great  part  of  it  at  leaft,  is  retained  by  the  fulphureous  fcoria  ; 
in  this  cafe  therefore  it  is  generally  in  vain  to  look  for  a regulus. 

The  iron  obtained  from  this  firft  precipitation  ha3  fcarcely  ever  the  requifite 
dudlility,,  but  is  rather  brittle:  the  reafon  of  which  is,  that  fome  of  the  fulphur  and 
arfenic  remain  in  it ; for,  notwithftanding  that  the  greateft  part  of  thefe  is  difiipated. 
by  roafting,  yet  fome  part  adheres  fo  that  it  can  never  be  feparated,  but  with 
abforbent  terreftrial  alkaline  ingredients,  that  change  the  nature  of  the  fulphur. 
For  which  reafon,  in  larger  operations,,  they  add  quicklime,  marble,  or  other 
lime  ftones;  which,  while  they  abforb  thefe  minerals,  are  by  it,  and  by  means 
ofthedeftroyedpart  of  their  iron,  brought  to  a fufion,  and  turn  to  a vitrified  fcoria,. 
although  in  other  circumftances  they  naturally  very  much  refift  a vitrification.. 
Another  caufe  of  the  brittlenefs  of  iron  is  the  unmetallic  earth,  when  it  is  not  yet. 
feparated  from  it;  for  the  iron  ore  contains  a great  quantity  of  it,  and  in  the 
melting  remains  joined  with  the  reguline  part:  whence  the  iron  is  rendered  very 
coarfe  and  brittle.,  Some  iron  ores  are  altogether  untradtable;  and  yet  the  reguli. 
produced  out  of  them,  when  broken,  have  fometimes  a neat  femi-metaliic  appear- 
ance, which  undoubtedly  proceeds  from  a mixture  of  a fmall  quantity  of,  fome 
other  metal  or  femi-metals,. 
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Process  IT. 

*fhe  following  procefs  for  ejfaying  iron  ores,  and  ferruginous  fiones  and  earths,  is 
extracted  from  Gellert’s  Elements  of  Ejfaying. 

Roaft  two  quintals  of  iron  ore,  or  of  ferruginous  earth : divide  the  roafted 
matter  into  two  equal  parts-,  to  each  of  which  add  half  a quintal  of  pulverifed  glafs, 
if  the  fubftance  be  fufible,  and  contain  much  metal ; but  if  otherwise,  add  alfo 
half  a quintal  of  calcined  borax.  If  the  roafting  has  entirely  difengaged  the 
fulphur  and  arfenic,  an  eighth  part,  or  even  half  a quintal  of  quicklime  may  be 
added.  With  the  above  matters  mix  12  pounds  of  charcoal  powder. 

Take  a good  crucible,  and  cover  the  bottom  and  fides  of  its  inner  furface  with 
a pafte  made  of  three  parts  of  charcoal  dull,  and  one  part  of  clay  beat  together; 
in  the  hollow  left  in  this  pafte  put  the  above  mixture,  prefs  it  lightly  down, 
cover  it  with  pulverifed  glafs,  and  put  on  the  lid  of  the  crucible. 

Place  two  fuch  crucibles  at  the  distance  of  about  four  fingers  from  the  air-pipe, 
in  fuch  a manner  that  the  air  fhall  pafs  betwixt  them  at  about  the  third  part  of  the 
height  from  the  bottom  ; fill  the  {pace  between  the  two  crucibles  with  coals  of  a 
moderate  fize  ; throw  lighted  coals  upon  them,  that  the  fire  may  defeend,  and 
make  them  red-hot  from  top  to  bottom;  at  firft  let  the  bellows  blow  foftly,  and 
afterwards  ftrongly  during  am-hour,  or  an  hour  and  a quarter ; then  take  away  the 
crucible,  and  break  it  when  cold.  A regulus  will  be  found  in  the  bottom, 
and  fometimes  fome  finall  grains  of  iron  in  the  fcoria,  which  mud  be  feparated 
and  weighed  along  with  the  regulus  ; then  try  the  regulus,  whether  it  can  be 
extended  under  the  hammer,  when  hop  and  when  cold. 

Remarks.  To  difengage  a metal  from  the  earthy  matters  mixed  with  it  by  fire, 
we  rauft  change  thefe  matters  into  fcoria  or  glafs.  This  change  may  be  efte&ed 
by  adding  fome  fubftance  capable  of  diflolving  thefe  matters;  that  is,  of  convert- 
ing them  into  a fcoria  or  glafs,  from  which  the  metallic  matters  may,  by  their 
weight,  feparate  and  form  a regulus  at  bottom.  Fixed  alkali,  which  is  an  ingre- 
dient of  the  black  and  of  the  white  flux,  is  a powerful  folvent  of  earths  and 
ftones:  but  the  alkali  (by  the  affiftance  of  fulphur)  does  alfo  diflblve  iron,  efpe- 
cially  when  this  metal  is  in  a calcined  or  earthy  ftate;  and  the  folution  is  fo  much 
more  complete,  as  the  fire  is  longer  applied.  Hence,  in  ordinary  eflays,  where 
an  alkaline  fait  is  ufed,  little  or  no  regulus  of  iron  is  obtained.  Now,  glafs  a<fts 
upon,  and  diflolves  earths  and  ftones ; but  not,  or  at  leaft  in  a very  fmall  degree, 
iron;  confequently  glafs  is  the  bell  flux  for  fuch  eflays;  and  experience  confirms 
this  afleriion.  If  the  ore  contains  but  little  iron,  we  may  alfo  add  to  the  glafs 
fome  borax  ; but  borax  cannot  be  employed  fingly,  becaufe  it  very  foon  fufes  and 
feparates  from  the  ore  before  the  metal  is  revived.  Quick-lime  is  added,  not  only 
to  abforb  the  fulphur  and  arfenic  remaining  in  the  ore,  but  alfo  becaufe  it  dif- 
folves  and  vitrifies  the  ftony  and  eardiy  matters  of  iron  ores,  which  are  generally 
argillaceous.  For  which  reafon,  in  the  large  operations  for  fmelting  iron  ore, 
quicklime,  and  even,  in  certain  cafes,  gypfum,  are  commonly  added  to  facilitate 
the  fufion. 

The  redudion  of  iron  ore,  and  even  the  fufion  of  iron,  require  a violent  and 
long  continued  heat;  and  therefore,  in  this  operation,  we  muft  not  employ  an  in- 
flammable fubftance,  as  pitch,  that  is  foon  confumed ; but  charcoal  pulverifed, 
which  in  clofe  vefiels  is  not  fenfibly  wafted.  Too  much  charcoal  muft  not  be 
added,  elfe  it  will  prevent  the  action  of  the  glafs  upon  the  earthy  matter  of  the 
ore,  and  confequently  the  feparation  of  the  metallic  part.  Experiments  con- 
vinced 
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vinced  Cramer,  that  one  part  of  charcoal  dud  to  eight  parts  of  ore  was  the  belt 
proportion. 

When  iron  is  furrounded  by  charcoal,  it  is  not  decompofed  or  destroyed : 
hence  the  iron  of  the  ore,  which  finks  into  the  hollow  made  of  pafte  of  charcoal- 
•dufl  and  clay,  remains  there  unhurt.  The  clay  is  added  in  this  pafte  to  render  it 
more  compaft,  and  to  keep  the  fluid  iron  colledled  together. 

The  air  is  dire&ed  between  the  crucibles,  becaufe,  if  it  was  thrown  direflly  upon 
them,  they  would  fcarcely  be  able  to  refift  the  heat.  The  fpace  between  the 
air-pipe  and  the  crucibles  ought  to  be  conftantly  filled  with  charcoal,  to  prevent 
the  cold  air  from  touching  the  crucibles.  Dudlile  and  malleable  iron  is  feldoin 
obtained  in  this  firfl  operation.  Tliefulphur  and  arfenic,  and  frequently  likewife 
an  earthy  matter  adhering  to  the  iron,  prevent  thefe  qualities. 

For  other  particulars  refpeding  the  properties  of  iron,  and  the  treatment  of  its 
ores,  fee  Iron. 

ORES  OF  LEAD.  Lead  has  been  found  native  in  various  parts  of  England 
and  elfew-here,  or  at  leaft  in  the  metallic  ftate.  But  moft  mineralogifls  queftion 
the  exiflence  of  native  lead,  and  confider  the  fpecimens  produced  as  fuch,  to  be 
either  the  produce  of  ancient  founderies,  or  purer  kinds  of  lead  ore.  Hence  we 
may  conclude  that  the  unequivocal  fpecimens  of  native  lead  are  fcarce;  but  the 
curious  fpecimen  mentioned  by  Bomare,  in  the  fecond  volume  of  his  Minera- 
logy, quoted  by  Magellan,  appears  to  be  decifive  in  favour  of  the  exiflence  of 
this  metal  in  a native  ftate.  It  was  in  the  collection  of  the  Abbe  Nollinat  Paris, 
and  came  from  the  lead  mines  of  Pompean,  near  Rennes,  in  Brittany.  This 
metal  was  very  malleable,  could  be  cut  with  a knife  without  crumbling,  and 
eafily  melted  over  the  flame  of  a candle.  It  weighed  about  two  pounds;  was 
imbedded  in  an  earthy  lead  ore  of  a reddifh  colour,  and  had  a flaty  vein  that 
went  through  it. 

Lead  is  found  mineralized  by  the  vitriolic  acid.  According  to  Mr.  Monnet, 
who  calls  this  the  pyritous  ore  of  lead,  it  fometimes  occurs  in  the  form  of  a white 
ponderous  calx,  foluble  in  16  or  18  times  its  weight  of  water.  It  does  not  effer- 
vefce,  nor  is  foluble  in  other  acids ; it  may  be  reduced  by  laying  it  on  a burning 
coal.  It  originates  from  the  fpontaneous  decompofition  of  fulphurated  lead o res. 
Mon.  Mineral.  371.  According  to  Dr.  Withering,  quoted  by  Kirwan,  it  is 
found  in  great  quantity  in  the  ifland  of  Anglefea,  but  united  to  iron,  and  not 
reducible  by  the  blow-pipe  or  charcoal ; he  promifes  an  exaCl  analyfis  of  it.  This 
is  of  a yellow  colour,  and  mixed  with  clay. 

The  green  lead  ore,  difcovered  by  Galin,  confifls  of  lead  mineralifed  by  the 
acid  of  phofphorus.  It  may  be  analyfed  in  the  humid  way,  by  the  procefs  men- 
tioned under  the  article  Lead.  If  urged  by  the  blow-pipe,  it  melts,  and  affords 
an  opake  globule  without  reduction,  which  in  cooling  affumesa  polyhedral  form, 
whofe  facets,  though  apparently  plain,  are  in  fa£t  compofed  of  concentric  ftrias, 
when  obferved  by  the  microfcope. 

The  red  lead  fpar  or  ore  confifls  of  lead  mineralifed  by  arfenic,  and  has  not 
hitherto  been  found  elfevvhere  than  at  Catherineburgh,  in  Siberia.  Externally  it 
is  of  a pale,  and  internally  of  a deep  red  colour,  and  for  the  moft  part  cryflallized 
in  rhomboidal  parallelopipeds,  or  irregular  pyramids.  According  to  Lehman,  it 
contains  fulphur,  arfenic,  and  about  34  percent,  of  lead,  and  alfo  filver,  accord- 
ing to  Pallas.  Mongez  mentions  a lead  ore  of  a greenifh  yellow  colour,  in  a 
matrix  of  quartz,-  coming  likewife,  as  he  was  informed,  from  Siberia,  of  which 
he  found  the  mineralizer  to  be  arfenic. 
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The  calciform  lead  ores  contain  fixed  air,  which  is  confidered  as  the  mineralizer. 
They  effervefce  with  acids,  and  are  eafily  reduced  on  the  charcoal.  Kirwan 
diftinguifhes  five  varieties,  i.  White  lead  fpar,  lead  ochre,  or  native  cerufs. 
It  is  fometimes  tranfparent,  but  generally  opake,  and  cryftallized  in  regular 
forms,  of  a laminar  or  ftriated  texture.  Lead  ochre,  or  native  cerufs,  is  the  lame 
fubftance,  but  in  a loofe  form,  or  indurated  and  (hapelefs;  fometimes  it  is  found  in 
a filky  form.  Both  contain  a little  iron,  and  fometimes  calcareous  earth  and  argill. 
Both  grow  red  hot  or  yellowifh  when  fufficiently  heated.  They  effervefce  with 
acids,  and  afford  from  6 o to  80  or  90  per  cent,  of  lead;  both  are  found  in 
Brittany,  Lorain,  Germany,  and  England.  2.  Red,  brown,  or  yellow.  This  is 
alfo  found  either  regularly  cryftallized,  or  in  fhapelefs  maffes,  or  i/i  powder.  It 
differs  from  the  former  only  by  containing  more  iron.  That  in  powder  contains 
a mixture  of  clay.  It  affords  about  70  or  80  per  cent,  of  lead.  3.  Green. 
Either  cryftallized  in  needles  as  in  Brittany,  or  in  a loofe  powder  as  in  Saxony,  but 
moftly  adhering  to,  or  invefling  quartz.  It  owes  its  colour  to  iron,  and  feldom 
contains  copper.  4.  Blueifb.  This  is  alfo  fometimes  cryftallized,  fometimes 
irregular.  5.  Black.  The  moft  uncommon  of  all,  and  occurs  either  cryftal- 
lized, or  of  an  indeterminate  form. 

Lead  mineralized  by  fulphur  is  the  commoneft  of  all  lead  ores.  It  is  known 
by  the  name  of  galena,  or  potter’s  lead  ore,  and  is  of  a blueifh  dark  lead:  colour, 
formed  of  cubes  of  a moderate  fize,  or  in  grains  of  a cubic  figure  whofe  corners 
have  been  cut  off ; its  texture  is  lamellar,  and  its  hardnefs  variable;  the  hardefb 
fort  containing  a greater  mixture  of  iron  or  quartz  ; that  in  grains  is  thought  to 
be  the  richeft  in  filver ; but  the  richeft  contains  only  about  one  or  1,5  per  cent, 
that  is,  12  or  18  ounces  per  quintal,  the  pooreft  about  60  gr.  Ores  that  yield 
about  half  an  ounce  of  fdver  per  quintal  are  barely  worth  the  coft  of  extracting 
them:  the  proportion  of  fulphur  to  lead  in  this  ore  is  alfo  variable  within  the  limits 
of  1 5 and  25  per  cent,  that  which  contains  leaft  is  called  bley  fchweif,  and  is  in 
fome  degree  malleable.  The  proportion  of  lead  is  from  85  to  60  per  cent,  by 
reafon  of  an  accidental  mixture  of  quartz ; that  of  iron  is  generally  very  final  h 
Dr.  Watfon  remarks,  that  the  ores  which  are  pooreft  in  lead  are  often  the  richeft 
in  filver.  The  fpecific  gravity  of  galena  is  from  7,000  to- 7,78,0  ; when  melted 
it  yields  a yellow  flag. 

The  antimonial  lead  ore  has  the  fame  colour  and  weight  as  galena,  but  its 
ftru&ure  is  commonly  radiated  like  that  of  the  ore  of  antimony.  Befides  the 
more  accurate  methods  of  humid  folution,  the  antimony  may  be  eafily  perceived* 
though  in  filial l quantities,  by  the  white  and  abundant  fumes  it  emits  in  roaft- 
ing. 

In  the  fmelting  of  ores  of  lead  they  may  be  confidered  either  as  pure,  that  is* 
containing  no  mixture  of  other  metals,  or  they  are  mixed  with  filver,  copper,  or 
pyrites.  The  methods  of  treating  ores  of  lead  containing  filver  and  copper,  are: 
defcribed  in  the  articles  Ores  of  Silver  and  of  Copper,  which -fee. 

Pure  ores  of  lead,  andthofe  which  contain  fo  fmall  a quantity  jgnly  of  filver  as  not 
to  compenfate  for  the  expence  of  extracting  the  nobler  metal,  may  be  fmelted  in 
furnaces,  and  by  operations  fimilar  to  thofe  ufed  at  Rammehberg,  or  by  the  fol- 
lowing methods  : 

1.  From  the  lead-ore  of  Willach  in  Carinthia,  a great  part  of  the  lead  is  ob- 
tained by  a kind  of  eliquation,  during  the  roafting  of  the  ore.  For  this  pur- 
pofe,  the  ore  is  thrown  upon  feveral  ftrata  or  layers  of  wood,  placed  in  a calcining; 
or  reverberatory  furnace.  By  kindling  this  wood,  a great  part  of  the  lead  flows. 
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out  of  the  ore,  through  the  layers  of  fuel,  into  a bafon  placed  for  its  recep- 
tion.  The  ore  which  is  thus  roafted  is  beat  into  fmaller  pieces,  and  expofed 
to  a fecond  operation  fimilar  to  the  former,  by  which  more  metal  is  eliquated  ; 
and  the  remaining  ore  is  afterwards  ground,  walhed,  and  fmelced  in  the  ordinary 
method. 

The  lead  of  Willach  is  the  pureft  of  any  known.  Schlutter  afcribes  its 
great  purity  to  the  method  ufed  in  extracting  it,  by  which  the  moft  fufible,  and 
confequently  the  pureft  part  of  the  contained  lead  is  feparated  from  any  lefs  fu- 
fible  metal  which  happens  to  be  mixed  with  it,  and  which  remains  in  the  roafted 
ore.  This  method  requires  a very  large  quantity  of  wood. 

2.  In  England,  lead-ores  are  frnelted  either  upon  a hearth,  or  in  a reverbera- 
tory furnace,  called  a cupel. 

In  the  firft  of  thefe  methods,  charcoal  is  employed  as  fuel,  and  the  fire  is  ex- 
cited by  bellows.  Small  quantities  of  fuel  and  of  ore  are  thrown  alternately 
and  frequently  upon  the  hearth.  The  fulion  is  very  fpeedily  effected  ; and  the 
lead  flows  from  the  hearth  as  faft  as  it  is  feparated  from  the  ore. 

3.  In  the  fecond  method  praCtifed  in  England,  pit-coal  is  ufed  as  fuel.  The 
ore  is  melted  by  means  of  the  flame  palling  over  its  furface ; its  fulphur  is  burnt 
and  diflipated,  while  the  metal  is  feparated  from  the  fcoria,  and  collected  at  the 
bottom  of  the  furnace.  When  the  ore  is  well  cleanfed  and  pure,  no  addition  is 
requifite;  but  when  it  is  mixed  with  calcareous  or  earthy  matrix,  a kind  of  fluor 
or  fufible  fpar  found  in  the  mines  is  generally  added,  to  render  the  fcoria  more 
fluid,  and  thereby  to  aflift  the  preparation  of  the  metal.  When  the  fulion  has 
continued  about  eight  hours,  a paflage  in  the  fide  of  the  furnace  is  opened, 
through  which  the  liquid  lead  flows  into  an  iron  ciftern.  But  immediately  be- 
fore the  lead  is  allowed  to  flow  out  of  the  furnace,  the  workmen  throw  upon  the 
liquid  mafs  a quantity  of  flaked  quick-lime,  which  renders  the  fcoria  fo  thick 
and  tenacious,  that  it  may  be  drawn  out  of  the  furnace  by  rakes.  Schlutter  men- 
tions this  addition  of  quick-lime  in  the  fmelting  of  lead-ores  in  England,  but 
thinks  that  it  is  intended  to  facilitate  the  fulion  of  the  ores;  whereas  it  really  has  a 
contrary  effeCt,  and  is  never  added  till  near  the  end  of  the  operation,  when  the 
fcoria  is  to  be  raked  from  the  furface  of  the  metal. 

ORES  OF  MANGANESE.  From  the  extreme  difpofition  of  manganefe 
to  become  calcined,  it  is  hardly  to  be  expected  that  a native  regulus  Ihould  be 
found.  But  Mr.  Peyroufe  defcribes  a fubftance  of  this  kind  in  the  Journal  de 
Phyfique  for  1786,  which  appears  to  be  native  manganefe,  from  the  following 
properties  extracted  by  Magellan  *.  1.  Its  external  appearance,  colour  and 

figure  are  the  very  fame  as  thofe  of  the  artificial  regulus  of  manganefe.  2.  It 
likewife  foils  the  fingers  when  handled.  3.  Its  fubftance  is  quite  pure,  having 
no  particles  that  are  in  the  leaft  attracted  by  the  magnet.  4.  Its  texture  is  la- 
mellated,  and  the  lamellse  feem  fo  affeCt  a kind  of  divergence  among  themfelves. 
5.  It  has  the  very  fame  metallic  brilliancy  as  the  artificial  rnanganefium.  6.  It 
has  alfo  a partial  malleability  : and,  when  repeatedly  hammered,  7.  It  exhibits 
a kind  of  exfoliation,  forming  itfelf  into  very  thin  leaves.  8.  Its  opacity  and 
denfity  are  fo  completely  fimilar  to  that  of  the  artificial  regulus,  that,  were  it  not 
for  the  natural  matrix  in  which  it  is  imbedded,  it  could  not  be  at  all  diftin- 
guifhed  from  it.  9.  This  ore  is  not  found  in  large  tnafles,  or  in  a folid  con- 
tinued body,  but  only  in  lumps,  and  unconnected  clots,  inclofed  and  intermixed 
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with  the  powdery  manganefe  ore.  10.  Thefe  lumps  are  fomewhat  flattened,  or 
comprefled  in  their  figure,  like  the  artificial  ores,  though  they  are  for  the  moll  part 
of  a larger  fize*  1 1.  And  this  powdery  manganefian  ore,  in  which  the  reguline 
lumps  are  imbedded,  has  an  argentine  hue,  which  feems  to  countenance  the  fuf- 
picion  of  its  having  been  adled  upon  by  the  violent  heat  of  fome  natural  defla- 
gration on  the  fpot. 

This  new  manganefe  ore  was  found  among  the  iron  mines  of  Sem,  on  the  val- 
ley called  Viederfos,  in  the  county  of  Foix,  near  the  Pyrenean  mountains. 

Fixed  air  is  the  only  mineralizer  of  manganefe  in  a dry  ftate,  yet  known.  The 
colours  of  the  compound  are  different  according  to  the  ftate  of  calcination  of  the 
metallic  fubftance.  For,  as  Scheele  has  afcertained,  manganefe  is  white  when  as, 
near  the  metallic  ftate  as  poflible  without  being  actually  reduced.  This  white 
calx  contains,  about  40  per  cent,  of  fixed  air,  which  prevents  its  further  reduc- 
tion by  expofure  to  the  atmofphere*  In  proportion  to  its  calcination,  and  by> 
union  with  other  fubftances,  its  colour  is  either  blue,  green,  yellow,  red,  brown, 
or  black.  It  is  blue  when  united  with  fixed  alkalis  ; yellow  always  arifes  from 
the  prevalence  of  the  calx  of  iron;  red,  from  a flight  calcination  of  the  manga- 
nefe ; and  black,  from  its  thorough  calcination.  Yet  if  the  black  calx  be  long’ 
roafted,  it  becomes  green,  which  Kirwan  thinks  arifes  from  the  expulfion  of  fixed 
air,  which  leaves  its  phlogiflon  with  the  manganefe,  and  thus  produces  a blue,, 
and  by  mixture  with  the  yellow  calx  of  iron,  a green.  This  author,  who  has  fince- 
rejedted  the  dodtrine  of  phlogifton,  would  probably  modify  his  explanation  by 
fubftituting  charcoal  or  the  bafisof  fixed  air  inftead. of  that  principle,*  The  brown- 
colour  of  manganefe  arifes  from  a mixture  of  the  red  and  black  calces.  Henco 
Kirwan  diftinguifhes  three  principal  varieties  of  the  native  calx  of  manganefe, 
the  white,  the  red>  and  die  hlack,  the  account  of  which  I fhall  here  extradt  from* 
his  Mineralogy. 

Variety  I.  White  ore  of  manganefe.  This  contains  but  a very  fmall  propor- 
tion of  iron  ; it  has  been  found  by  Mr.  Rinman  both  in  fmall  white  cryftals,  and; 
in  round  mafles,  in  the  cavities  of  quartz  and  adhering  to  glanzblend,  rather 
lefs  hard  than  lime-ftone,  of  a fparry  texture,  and  fcarcely  magnetic,  even  after 
roafting,  foluble  with  effervefcence  in  nitrous  acid,  and  affording  a colourlefs  folu- 
tion; which  folution,  with  mild  alkalis,  gave  a white  precipitate,  and  the  preci- 
pitate, when  heated,  prefently  grew,  black;  a fure  criterion  of  manganefe. 

Mr.  Lapeiroufe  found  this  white  ore  in  the  form  of  a fpungy  efflorefcence* 
vegetating  on  the  furface  of  fome  iron  ones,  particularity  hematites. 

It  has  been  feen  alfo  by  Mr.  Rinman  in  the  form. of  a calcareous  fpar,  of  the’ 
colour  of  rofin,  and  fomewhat  fhining,  in  fome  places  covered  over  with  a 
footy  powder,  and  in  thin  pieces  femi-tranfparent  at  the  edges,  and  not  hard 
enough  to  ftrike  fire  with  fteel ; nitrous  acid  diffolves  it  almofl  entirely  ; with  mild 
alkalis,  the  folution  gives  a white  precipitate,  which  blackens  when  heated.  It 
confifts  of  manganefe  embodied  in  zeolyte  ; it  melts  per  fe  with  the  blow-pipe 
into  a whitilh  gray  porous  flag,  and  with  the  addition  of  calcined  borax  gives  a* 
garnet  coloured  glafs. 

Many  of  white  fparry  iron  ores  may  alfo  be  clafled  among  the  ores  of  manga- 
nefe, as  they  contain  more  of  it  than  of  iron. 

Variety  II.  Red  ore  of  manganefe.  It  contains  lefs  fixed  air,  and  is  accom-. 
panied  with  more  iron  than  the  former  variety,  and  alfo  with  calcareous-  or  pon- 
derous earth  and  filex.  . It  is  found  either  loofe  and  femi-indurated  in  a matrix  of 
calcareous  fpar,  or  talky  fchiftus,  or  on  hematites  and  other  iron  ores,  or  in  heavy 
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hard  maffes  of  a lamellar,  radiated,  or  equable  texture,  or  cryflallized  in  pyramid's,, 
rhomboids,  or  fhort  bright  brittle  needles. 

Variety  III.  Black  and  brown  ore  of  manganefe.  Kirwan  places  thefe  to- 
gether, as  they  differ  but  little;  they  are  found  either  cryflallized  in  the  fame  form  as 
the  red  ore,  or  in  folid  maffes,  fome  of  which  have  a metallic  appearance;  others  are: 
dull,  earthy,  and  mixed  or  embodied  with  quartz,  or  in  a loofe  earthy  form  ; theirr 
fpecific  gravity  is  about  4,000.  Both,  particularly  the  brown  and  the  red,  arc 
foluble  in  fome  meafure  by  digeflion  in  oil  of  vitriol,  and  the  folution  is  at  firfl 
reddifh,  but  afterwards  becomes  colourlefs,  unlefs  they  contain  a large  proportion: 
of  iron.  But  the  dephlogifticated  nitrous  acid  does  not  a£t  on  them  except 
fugar  be  added;  and  then  this  acid,  as  well  as  the  concentrated  vitriolic,  operates 
a colourlefs  folution,  which  with  mild  alkalis  gives  a white  precipitate  of  the  fame 
nature  as  the  firfl  variety  ; they  contain  more  iron  and  lefs  fixed  air  than  the  for- 
mer varieties.. 

Perigord  done  belongs  to  this  variety : it  is  of  a dark  gray  colour,  like  bafaltes  otv 
trapp,  may  be  feraped  with  a knife,  yet  is  difficultly  broken  ; when  calcined  it  be- 
comes of  a reddifh  brown  colour,  and  harder,  but  not  magnetic,  Its  fpecific 
gravity  is  confiderable ; it  does  not  melt  per  fe,  but  with  borax  it  affords  an  ame- 
thyfline  glafs ; nitrous  acid  fcarcely  a<5ts  on  it  without  the  addition  of.  fugar.  This 
done  feems  alfo  to  contain  clay,  and  fome  portion  of  iron. 

One  of  the  mod  remarkable  ores  of  manganefe  is  that  called  black  wad  ; it  is 
of  a dark  brown  colour,,  partly  in  powder,  and  partly  indurated,  and  brittle.  If 
half  a pound  of  this  be  dried  before  a dre,  and  afterwards  buffered  to  cool  for 
about  an  hour,  and  then  two  ounces  of  lint-feed  oil  be  gradually  poured  on 
it,  mixing  them  loofely  like  barm  with  flour,  little  clots  will  be  formed,,  and  in 
fbmethi-ng  more  than  half  an  hour  the  whole  will  gradually  grow  hot,  and  at  lafl 
burd  into  a flame.  The  temperature  of  the  room  where  the  experiment  was 
made,  Mr.  Kirwan  being  prefent,  was  about  50.  : the  heat  this  ore  was  expofed  to 
while  drying  might  be  about  130. 

According  to  Wedgwood’s  analyfis,  100  parts  of  black  wad  contain  43  of 
manganefe,  43  of  iron,  4,5  of.  iead,  and  five  of  mica. 

To  analyfe  the  above-mentioned  ores,  they  .lhould  be  firfl  roaded  to  calcine 
effedtually  the  manganefe,  and  iron  if  any;  then  treated  with  pale  nitrous  acid  to 
diffoive  the  earths ; the  refiduum  diould  then  be. treated  with  nitrous  acid  and  fu>r 
gar,,  by  which  means  a colourlefs  folution  of  manganefe  will  be  obtained;  and 
this  being  precipitated  by  aerated  mineral  alkali  will  give  a precipitate,  100  giv 
of  which  are  equivalent  to  100  ofregulusof  manganefe. 

Many  fpecies  of  iron  ore  cqntain  manganefe.  To  difeover  it,  let  the  iron  be 
diffolved  in  fome  acid,  and  precipitated  by  the  Pruffian  alkali;  let  the  folution 
be  poured  off,  and  the  precipitate  digeded  in  pure  water ; the  Pruffian  manganefe 
will  be  diffolved,  and  the  Pruffian  iron  remain  undiffolved. 

Manganefe  feems  to  be  contained  in  the  afhes  of  mod  vegetables,  and  to  it  the 
blue  or  greenifh  colour  of  calcined  vegetable  alkali  is  owing.  Thefe  colours  are  ge- 
nerally attributed  to  the  phlogidon  of  the  alkali ; but  if  fo,  they  fhould  not  be  found 
in  fixed  nitre,  as  the  nitrous  acid  fhould  carry  off  during  its  decompofition  all 
the  phlogidon ; yet  this  alkali  is  always  greenifh,  fo  that  the  colour  feems  to  arife 
from  the  afhes  of  the  charcoal  with  which  the  nitre  was  decompofed.  If  three 
parts  of  the  alkali  of  tartar,  one  of  fifted  allies,  and  one-eighth  of  nitre  be  melted 
together,  they  form  a dark  green  mafs,  which  being  diffolved  in  water  affords  a> 
beautiful  green  folution;  and  this  being  filtered,  on  the  addition  of  a few  drops 
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of  oil  of  vitriol,  becomes  red,  and  after  a few  days  a brown  powder  is  depofited, 
which  has  the  properties  of  manganefe.  The  allies  of  ferpyllum  contain  very 
little  of  it,  thofeof  trees  contain  mod.  Scheele. 

ORES  OF  MERCURY.  Mercury  is  found  in  a native  date  fufficiently  dif- 
tinguifhable  from  every  other  metallic  fubftance,  by  its  fluidity  in  every  ordinary 
temperature  of  the  habitable  parts  of  the  globe.  Bergman  doubts  whether  it  be 
ever  found  uncontaminated  by  any  other  metal.  It  is  found  in  the  quickfilver 
mines  in  fmall  brilliant  globules,  difleminated  in  different  gangues.  Mongez 
afferts,  that  it  is  moftly  in  a ftate  of  great  purity.  Sometimes  it  is  collected  in 
the  cavities  of  rocks,  as  at  Idriain  Spain,  and  in  America;  and  in  other  inftances 
it  is  difleminated  in  the  earth,  in  clays,  or  adherent  to  quartzofe  ftones,  pot-ftone 
mica,  or  elfe  mixed  with  different  ores,  as  the  white  or  red  fllver  ores,  galena, 
white  arfenic,  or  cinnabar. 

Mercury  has  been  found  in  Sweden  and  elfewhere,  united  to  fllver  in  the  form 
of  an  amalgam  fometimes  cryftallized. 

M.  Sage,  in  the  Journal  de  Phyfique  for  1784,  mentions  a calciform  ore  of 
mercury  of  a red- brown  colour,  difficult  of  fra&ure,  prefenting  a granulated 
texture  more  red  than  externally.  It  frequently  contains  running  mercury  in 
its  interftices.  By  diftillation  the  mercury  is  obtained  in  the  proportion  of  91 
parts  in  the  centenary.  It  contains  a fmall  part  of  fllver,  and  comes  from  Idria. 

Mercury  was  found  by  M.  Woulfe  at  Obermofchel  in  the  Duchy  of  Deux- 
ponts,  united  with  the  marine  and  vitriolic  acids.  Thefe  ores  have  a fpar-like  ap- 
pearance, and  are  either  bright  and  white,  or  yellow  or  black  mixed  with  cinna-> 
bar  in  a ftony  matrix.  The  marine  fait  was  in  the  ftate  of  corrofive  fublimate. 

The  ore  of  mercury  which  is  wrought  in  the  large  way  is  Cinnabar.  It  is 
a combination  of  mercury  with  one-fourth  of  its  weight  of  fulphur.  See  the 
article. 

There  are  other  impure  cinnabars,  particularly  one  containing  copper,  which 
is  of  a blackilh  gray  colour,  glafly  texture,  and  decrepitates  ftrongly  when 
heated.  The  cinnabar  may  be  volatilized  by  heat,  and  the  remaining  copper 
fhews  itfelf  by  the  ufual  tefts.  The  ore  of  mercury  containing  iron,  and  diftin- 
guilhed  by  the  name  of  pyritous  mercurial  ore,  is  a gray  or  whitifh  friable  fub- 
ftance found  in  Dauphiny,  and  afforded  M.  Monnet  one  part  of  mercury,  lefs 
than  half  a part  fllver,  and  the  reft  was  iron,  cobalt,  arfenic,  and  fllver. 

Process  I. 

(Cramer,  procefs  8.) 

To  feparate  mercury  out  of  an  un fulphur  ecus  ore  by  diftillation. 

Take  a lump  of  the  pulverifed  ore,  one  common  pound,  which  muft  ftand 
for  one  centner:  put  it  into  a glafs  retort  perfectly  clean,  well  loricated,  or 
coated  up  to  half  the  length  of  its  neck : this  muft  be  very  long,  and  turned 
backwards  with  fuch  a declivity,  that  a glafs  recipient  may  be  perpendicularly 
applied  to  it : but  you  muft  choofe  a retort  fmall  enough,  that  the  belly  of  it 
may  be  filled  hardly  two  thirds  with  the  ore:  this  retort  muft  be  placed  lo,  that 
nothing  of  the  fluid  adherent  to  the  neck  of  it  may  fall  into  the  cavity  of  the 
belly,  but  that  the  whole  may  run  forward  into  the  recipient.  Laftly,  take  a 
fmall  recipient  full  of  cold  water  : let  it  be  perpendicularly  fituated,  and  receive 
the  neck  of  the  retort  in  fuch  a manner  that  the  extremity  of  it  may  be  hardly 
one  half  inch  immerfed  into  the  water. 

Let  the  retort  be  furrounded  with  hot  burning  coals  placed  at  fome  diftance  in 
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the  form  of  a circle,  left  the  veffel  fhould  burft  by  too  fudden  a heat : then  by 
degrees  bring  the  burning  coals  nearer  and  nearer,  and  at  laft  furround  the  whole 
retort  with  them  and  with  frefh  charcoal,  that  it  may  grow  ftightly  red-hot : this 
fire  having  been  continued  for  an  hour,  let  the  retort  cool  of  itfelf : then  ftrike 
the  neck  of  it  gently,  that  the  large  drops  which  are  always  adherent  to  it  may 
fall  into  the  recipient:  let  the  recipient  be  taken  away,  and  the  water  feparated 
from  the  mercury  by  filtration,  and  let  the  mercury  be  weighed.  This  operation 
may  be  more  conveniently  performed  in  a fand  bath ; in  which  cafe  the  pot  con- 
taining the  fand  muft  be  middling  red-hot,  and  the  retort  be  able  to  touch  the 
bottom  of  it  immediately  ; nor  is  it  then  neceffary  that  the  retort  be  loricated. 

Process  IT. 

(Cramer,  procefs  59.) 

To  revive  mercury  from  a fulphureous  cinnabar  ore . 

Beat  your  ore  extremely  fine,  and  mix  it  exatftly  with  an  equal  portion  of  irorr 
filings,  not  rufty  ; and  proceed  to  diftil  it  with  the  fame  apparatus  as  in  the  for- 
mer procefs;  but  urge  it  with  the  ftrongeft  fire  that  can  be  made. 

Cinnabar  may  be  feparated  from  ftones  by  fublimation  as  follows : Beat  it  to  a 
fine  powder,  and  put  it  into  a fmall,  narrow  glafs  or  earthen  cucurbit,  the  belly 
of  which  muft  not  fill  more  than  one  third  part:  flop  the  orifice  at  top  ; tb  is 
muft  be  very  narrow,  to  hinder  the  free  adtion  of  the  air.  Put  this  fmall  cucurbit 
in  an  earthen  pot  above  two  inches  wide  in  diameter,  and  gather  fand  around 
this  pot  about  as  high  as  the  pulverized  ore  rifes  in  the  cucurbit.  Then  put  it 
upon  burning  coals  in  fuch  a manner  that  the  bottom  of  the  pot  may  be  mode- 
rately red-hot.  Thus  will  your  cinnabar  afcend,  and  form  a folid  ponderous  ring, 
which  muft  be  taken  out  by  breaking  the  veffel. 

ORES  OF  MOLYBDENA.  See  Acid  of  Molybdena,  alfoMoLYBDENA. 

ORES  OF  NICKEL.  This  femi-metal  has  been  found  by  Rinman  in  a 
cobalt  mine  in  Heffe.  The  mineral  is  very  ponderous,  and  of  a livid  colour. 
When  pulverized  and  roafted  under  a muffle  it  forms  a green  excrefcence,  and 
fmokes ; but  its  fmoke  has  no  peculiar  fmell,  and  no  fublimate  whether  fulphu- 
reous  or  arfenical  can  be  caught.  It  affords  a green  folution  with  acids;  but  a 
polilhed  iron  plate  difcovers  no  indication  of  Copper. 

Nickel  is  alfo  found  in  the  calciform  ftate,  afforded  by  the  decompofition  of 
kupfer  nickel.  It  ufually  has  the  form  of  a green  efflorefcence,  and  often  covers 
the  ores  which  contain  it.  Cronftedt  informs  us  that  it  is  found  at  Normark  in 
Warmeland,  without  any  appearance  of  kupfer  nickel,  in  a clay  which  contained 
much  native  Giver. 

The  ore  long  diftinguifhed  by  the  name  of  kupfer  nickel,  before  the  difco- 
very  of  the  peculiar  metal  by  Cronftedt,  is  of  a reddifh- yellow  colour,  and  of 
the  texture  and  appearance  of  a flag,  or  elfe  of  a fine  granular  texture,  or  laftly, 
of  a fcaly  or  lamellar  texture.  ' Its  brilliancy  in  fome  meafure  refembies  that  of  the 
common  pyrites.  This  ore  contains  nickel,  with  iron,  cobalt,  and  arfenic  minera- 
lized with  fulphur.  See  Nickel. 

ORES  OF  PLATINA.  This  comes  to  us  in  an  impure  native  ftate.  Its 
ores  if  any  are  unknown.  See  Platina. 

ORES  OF  SILVER.  The  great  value  of  this  metal  has  occafioned  its  ores 
to  be  very  particularly  attended  to,,  and  enumerated.  In  the  prefent  article  I 
fhall  chiefly  follow  the  arrangement  of  Kirwan. 

Native  filver  is  found  in  a granular,  lamellar,  filamentous,  capillary,  arbores- 
cent, 
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cent,  or  cryftallized  form,  inhering  either  in  barofelenite,  lime-ftone,  felenite, 
•quartz,  chert,  flint.  Terpentine,  gneifs,  agate,  mica,  calcareous  fpar,  pyrites, 
fchiftus,  clay,  &c.  alfo  infeparate  mafles  of  various  fizes,  fome  of  the  weight  of 
60  pounds,  in  or  near  the  veins  of  mod  metallic  fubftances,  particularly  in  Peru, 
and  frequently  in  various  parts  of  Europe,  either  of  a white,  brown,  or  yellow- 
ifli  colour. 

It  is  often  diffufed  through  fand  and  ochre,  alfo  in  gray  lime-ftone  in  Lower 
Auftria,  and  in  a greenilh  clay  near  Schemnitz,  or  mixed  with  ochre,  clay,  and 
calciform  nickel. 

It  is  fieldom  found  pure,  being  generally  alloyed  with  copper,  and  fometimes 
with  a fmall  proportion  of  gold,  iron,  or  regulus  of  antimony,  and  fometimes 
about  five  per  cent,  of  arfenic  ; it  is  feparable  from  gold  and  regulus  of  antimony 
by  folution  in  nitrous  acid,  and  from  copper  and  iron  by  precipitating  it  by  the 
marine  acid,  and  from  arfenic  by  torrefa&ion.  Cronftedt  fays  its  purity  is  gene- 
rally approaching  to  16  carats.  Lewis  aflerts  that  it  never  exceeds  this  finenefs. 
The  native  filver  found  near  Konglberg  contains  fo  much  gold  as  to  acquire  a 
yellow  colour  from  it. 

Horn- filver,  or  corneous  filver  ore,  is  of  a whitifh-gray  or  dirty  yellow  co- 
lour, fometimes  femi-tranfparent,  eafily  cut  with  a knife,  fufible  even  by  the 
flame  of  a candle,  and  afluming  a violet  colour  by  the  fun’s  rays.  One  hundred 
grains  contain  75  of  real  filver.  It  is  reducible  by  triturating  it  with  about  its 
own  weight  of  fixed  alkali  with  a little  water,  then  melting  the  whole  in  a cruci- 
ble, whofe  bottom  is  covered  with  mineral  alkali  well  prefled,  and  covering 
the  mafs  of  horn-filver  alfo  with  the  mineral  alkali. 

The  vitreous  filver  ore  (glafzertz)  is  mineralized  by  fulphur.  It  is  found 
either  in  folid  large  lumps,  or  inhering  in  quartz,  fpar,  gypfum,  gneifs,  pyrites, 
&c.  of  a lamellar,  granular  or  capillary  form  cryftallized  : it  is  generally  of  a 
lead  colour  firft,  but  grows  black  by  expofure  to  the  air,  but  fometimes  gray  or 
black,  even  when  firft  broken ; its  laminte  are  flexible  and  duftile,  and  even 
malleable  in  fome  degree,  and  fo  foft,  that  they  may  be  cut  with  a knife;  its 
Ipecific  gravity  is  7. 200*;  it  is  one  of  the  richeft  of  the  filver  ores. 

One  hundred  parts  of  it  contain  from  72  to  77  of  filver;  it  is  rarely  contami- 
nated with  any  other  metal  befides  a fmall  proportion  of  iron. 

It  is  found  in  Hungary  near  Schemnitz,  and  in  Saxony  near  Freyburgh,  parti- 
cularly in  the  famous  mine  of  Himmelsfurft. 

It  isanalyfed  by  boiling  in  moderately  dilute  nitrous  acid,  ufing  about  2 5 times 
its  weight,  till  the  fulphur  is  quite  exhaufted.  The  filver  is  precipitated  by  ma- 
rine acid,  or  common  fait.  The  Pruflian  alkali  will  Ihew  if  any  other  metal  is 
contained  in  the  folution  : the  gold,  if  any,  will  remain  undiflolved  •,  fixed  alkalis 
will  precipitate  any  other  earthy  matters  contained  in  the  folution. 

In  the  dry  way  it  may  be  reduced  by  melting  it  with  the  blow-pipe  on  charcoal ; 
for  the  fulphur  is  diflipated,  and  the  filver  remains  ; or  by  melting  it  with  f of 
its  weight  of  filings  of  iron,  as  the  iron  will  take  up  the  fulphur,  and  be 
fcorified. 

Silver  is  either  mineralized  by  a fmall  or  a large  proportion  of  arfenic.  The 
©re  which  is  mineralized  by  a fmall  proportion  of  arfenic,  is  of  a yellowilh-white 
colour,  and  of  a ftriated  texture,  refembling  bifmuth,  but  much  harder;  it  melts 
very  eafily;  and  if  keptinfufion,  it  lofes  its  arfenic,  and  the  filver  remains  al- 
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TBiofl:  entirely  pure,  as  it  contains  but  very  little  iron  ; it  contains  about  90  per 
cent,  of  filver,  and  is  found  nearQuadanal  Canal  in  Spain. 

The  proportion  of  arfenic  in  that  filver  ore  which  is  mineralized  by  a large  pro- 
portion of  it,  is  fo  great,  that  it  would  fcarce  deferve  to  be  called  a filver  ore, 
if  the  arfenic  were  not  eafily  diffipated:  the  quintal  contains  but  from  four  to 
fix  ounces  of  filver  : it  is  very  foft,  and  eafily  cut,  and  when  cut  has  a brilliant 
metallic  appearance;,  it  confifts  of  conchoidal  laminas;  it  is  alfo  found  at  Qua- 
danal  Canal. 

It  is  reduced  by  evaporating  the  arfenic,  which  then  leaves  the  filver  flightly 
contaminated  with  iron. 

The  red  filver  ore  is  mineralized  by  fulphur  and  arfenic  (rothgulden  ertz). 
This  is  a heavy,  fhining  fubftance,  either  tranfparent  or  opake,  moftly  of  a 
crimfon  or  reddifh  colour,  though  fometimes  gray  or  blackifb,  but  when  fcraped 
or  powdered  always  reddifh;  found  either  in  irregular  maftes,  or  cryftallized  in 
pyramids  or  polygons,  or  dendritical,  or  plated  or  radiated  incruftations,  on  or 
in  matrixes  of  quartz,  flint,  fpar,  pyrites,  fparry  iron  ore,  lead  ore,  pyrites, 
cobalt  ore,  jafper,  barofelenite,  gneifs,  &c.  When  radiated  or  ftriated,  it  is  called 
rothgulden  bluth.  In  the  fire  it  crackles  and  melts  after  it  has  acquired  a red 
hear,  with  an  arfenical  fmell;  it  detonates  with  nitre  : its  fpecific  gravity  is  from 
5.4  to  5.684.  Bergman  found  100  grains  of  it  to  contain  60  of  filver,  27  of 
arfenic,  and  13  of  fulphur;  but  fometimes  it  contains  even  70  per  cent,  of  filver. 
The  darkeft  ores  are  the  richeft,  and  thefe  often  contain  a little  iron  ; the  yellowed: 
are  the  pooreft ; the  moft  yellow  does  not  belong  to  this  fpecies,  being  in  fadl 
orpiment,  containing  fix  or  feven  per  cent,  of  filver. 

To  analyfe  this  ore  in  themoift  way,  Bergman  advifes  to  boil  it  after  it  is  re- 
duced to  a very  fine  powder  in  dilute  nitrous  acids,  and  to  edulcorate  the  refiduuni 
very  carefully  which  contains  the  fulphur  and  arfenic,  which  may  bd  feparated 
by  boiling  in  a fufficient  quantity  of  aqua  regia:  if  the  fulphur  flill  retains  any 
luna  cornea,  it  may  be  feparated  by  cauftic  volatile  alkali. 

In  the  dry  way  it  is  reduced  after  torrefacftion  by  a mixture  of  iron  and  lead  ; 
the  iron  takes  up  the  fulphur,  and  the  lead  the  filver,  which  is  afterwards  fepa- 
rated by  cupellation. 

Silver  mineralized  by  fulphur,  and  a very  fmall  portion  of  arfenic  and  iron, 
is  called  black  filver  ore,  fchwartz  ertz,  fchwartz  gulden,  filber  mulm.  This 
is  either  of  a folid  and  brittle  confiftence,  which  diftinguifhes  it  from  the  vitreous 
ore,  and  of  a glafly  appearance  in  its  fradlure  when  recent,  or  of  a loofer  texture, 
and  footy  or  deep  black  colour,  like  mofs  or  thin  leaves  lying  on  the  furface  of 
other  filver  ores,  or  of  thofe  of  lead  or  cobalt,  or  in  clays,  ponderous  fpar, 
gneifs,  &c.  It  may  contain  about  25  per  cent,  of  filver:  the  former  is  found  in 
Dauphine,  Hungary,  and  Saxony,  and  contains  at  moft  60  per  cent,  of  filver. 

Another  fpecies  of  filver  ore  mineralized  by  arfenic,  and  containing  a large 
proportion  of  iron,  is  called  arfenico-mardal  filver  ore,  weifs  ertz,  pyrites  argen- 
teus  of  Henckel. 

Mineralogifts  do  not  well  agree  about  the  ore  to  which  this  denomination  be- 
longs. Kirwan  follows  Monnet,  who  feems  to  have  attended  moft  exadlly  to  the 
divifion  of  ores.  According  to  him,  this  ore  is  a hard  fubftance,  of  a white, 
fhining  appearance,  and  of  a compadV,  lamellar  or  fibrous  texture  ; the  brighteft 
is  the  pooreft  in  filver;  the  richeft  gives  only  10  per  cent,  the  pooreft  fix  or  eight 
ounces:  it  contains  no  fulphur ; and  hence  Monnet  calls  it  a metallic  regulus,  not 
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confidering  that  the  iron  is  in  a calcined  ftate:  the  iron  and  arfenic  are  in  various 
proportions,  but  the  arfenic  always  exceeds. 

It  is  found  in  Saxony,  the  Hartz,  at  Quadanal  Canal,  See.  and  is  effayed  im 
the  moift  way. 

White  filver  ore  (weis  gulden)  is  mineralized  by  arfenic  and  fulphur,  with. 
a fmall  proportion  of  copper,  and  a ftill  fmaller  of  iron.  It  is  a heavy,  fofr* 
opake  fubftance,  fine  grained  or  fcaly,  bright  and  fhining  in  its  fradlures,  of  a 
vvhitilh,  fheely  or  lead  colour,  fometimes  cryftallized  in  pyramidical  or  cylindri- 
cal forms,  but  often  in  irregular  grains,  or  refembling  mofs,  or  in  the  form* 
of  thin  laminte  incruftating  other  bodies,  found  in  quartz,  fpar,  ftelleftein,  py- 
rites, blend,  lead  ore,  cobalt  ore,  fparry  iron  ore,  fluors,  See.  It  is  very  fufi- 
ble;  its  fpecific  gravity  5,000  to  5,300;  its  proportion  of  filver  from,  10  to  3a 
per  cent. 

It  is  found,  though  not  commonly,  in  Saxony,  Hungary,  the  Hartz,  and 
St.  Marie  aux  Mines. 

Bergman  analyfes  this  ore  in  the  following  manner:  Having  pulverized  and 
weighed  a certain  portion  of  it,  he  attempts  its  folution  in  about  12  times  its, 
weight  of  dilute  nitrous  acid:  the  copper  and  filver  are  diffolved,  and  a white 
refiduum  remains.  The  filver  he  precipitates,  not  with  marine  acid,  for  this, 
would  unite alfo  to  the  copper,  and  with  the  filver  forma  triple  fait,  which  would 
alfo  fall,  but  with  a clean  plate  of  copper  previoully  weighed ; the  filver  being 
in  its  metallic  form,  may  immediately  be  weighed,  and  its  contents  known  i. 
the  copper  fhould  then  be  precipitated  by  aerated  mineral  alkali-,  194  grains 
of  this  precipitate  well  dried  are  equivalent  to  100  of  copper  in  its  metallic 
form ; but  from  this  laft,  the  weight,  which  the  plate  of  copper  loft,  muft  be- 
fub  traded. 

The  white  refiduum,  containing  the  fulphur,  arfenic  and  iron,  is  next  to  be- 
examined  : by  boiling  it  in  fpirit  of  fait,  the  arfenic  and  iron  are  taken  up  ■ the 
arfenic  is  to  be  precipitated  by  the  addition  of  water,  and  then  the  iron  by  the- 
Pruflian  alkali  ; the  fulphur  remains  undiffolved,  and  may  be  treated  with  vo- 
atile  alkali  to  try  whether  it  retains  any  copper  or  horn  filver. 

Gray  filver  ore  (fahlerz)  is  mineralized  by  arfenic  and  fulphur,  with  a large 
proportion  of  copper  and  fome  iron.  This  is  a hard,  gray,  or  dark  gray  fub- 
ftance,  more  orlefs  brilliant,  fometimes  cryftallized,  but  moftly  irregular,  and  is,„ 
in  fad,  the  gray  copper  ore  impregnated  with  filver,  and  varies  much  in  its  con- 
tents from  about  one  to  12  per  cent,  of  filver,  and  from  12  to  24  of  copper,  the 
remainder  being  fulphur  and  arfenic,,  with  a little  iron  : the  richer  it  is  in  copper,, 
the  poorer  in  filver,  and  reciprocally.,  Monne.t  remarks,  that  wherever  copper  is, 
united  to  arfenic,  filver  is  alfo  found  ; it  is  the  commoneft  of  all  the  filver  ores  : 
the  gray  filver  ore  of  Dal  in,  Sweden  contains  alfo  regulus  of  antimony,  and  ac- 
cording to  Bergman,  it  contains  24  per  cent,  of  copper,  and  five  of  filver;  but 
this  belongs  to  the  next  fpecies,  which  is. 

Brown  filver  ore  (leber  erzj,  and  is  mineralized  by  arfenic  and  fulphur,  .witft 
copper,  iron,  and  regulus  of  antimony.  The  colour  of  this  ore  is  moftly  of  a*. 
reddifh  brown,  fometimes  dark  gray  ; fometimes  it  is  found  cryftallized  in  pyra- 
mids, but  moftly  irregular  ; when  fcraped  it  appears  red  ; it  contains  from  one 
to  five  per  cent,  of  filver ; the  greateft  part  is  copper,  and  the  next  in  proportion 
is  arfenic. 

It  is  found  in  Sweden,.  Germany,  and  Spain,. 

It 
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It  is  analyfed  by  boiling  it  in  about  fix  times  its  weight  of  dilute  nitfous 
acid,  which  will  take  up  the  filver  and  copper,  and  leave  the  regulus  of  antimony 
and  arfenic  : thefe  being  boiled  in  flrong  nitrous  acid  are  dephlogifticated,  and 
the  arfenic  becomes  foluble  in  water ; the  calx  of  antimony  remains  undiflolved  ; 
the  fulphur  may  be  found  in  afecond  experiment,  ufing  aqua  regia  inftead  of  the 
concentrated  nitrous  acid ; the  filver  and  copper  are  feparated,  as  in  the  procefs 
for  the  white  filver  ore. 

Plumofe  filver  ore  (feder  ertz)  is  mineralized  by  fulphur  and  arfenic,  with 
iron  and  regulus  of  antimony.  In  point  of  colour  this  ore  varies  from  a dull 
white  to  gray,  dark  blue,  brown  or  black  ; it  is  found  in  a capillary  form,  or  like 
wool,  fometimes  loofe,  at  other  times  attached  ; its  filaments  are  rigid  and  inflexi- 
ble ; the  whiter  it  is,  the  richer  ; but  it  feldom  contains  even  one  per  cent,  of  filver. 
It  is  found  in  Saxony  and  elfewhere.  Some  confound  it  with  the  foregoing. 

Its  analyfis  may  be  underftood  from  the  procefles  with  the  white  and  brown 
filver  ores. 

Cobaltic  filver  ore  is  mineralized  by  fulphur  and  arfenic,  with  cobalt  and  iron. 
This  ore  is  diftinguifhed  by  rofe-coloured  particles  of  cobalt  difperfed  through  a 
dark  brown,  blackifh,  or  gray,  and  fomewhat  fhining  folid  mafs.  It  is  found  in 
Saxony,  and  at  Allemont  in  Dauphine,  and  contains  about  40  or  50  per  cent, 
of  filver,  and  very  little  cobalt ; the  arfenic  is  in  an  acid  ftate,  and  united  to  the 
cobalt. 

To  analyfe  it,  let  it  be  diflolved  in  nitrous  acid;  the  filver  and  cobalt  will  be 
taken  up,  and  moft  of  the  iron  will  remain  calcined,  together  with  the  arfenic  ; 
the  filver  may  be  precipitated  by  the  marine  acid,  and  the  cobalt  by  mild  mine- 
ral alkali : 160  grs.  of  the  precipitate  denote  100  of  cobalt  in  its  metallic  ftate. 

Butter-milk  ore  is  mineralized  by  fulphur,  with  regulus  of  antimony  and 
barytes  ; and  appears  in  the  form  of  thin  pellicles  on  granular  fpar. 

The  combuftible  filver  ore  is  black  and  brittle,  leaves  about  fix  per  cent,  of 
filver  in  its  afhes,  and  is  a coal  in  which  filver  is  found.  The  filver  is  extra&ed 
as  ufiial  by  nitrous  acid. 

Corneous  filver  ore  (horn  ertz)  is  mineralized  by  the  vitriolic  and  marine 
acids,  with  a little  iron,  and  fometimes  with  a mixture  of  the  vitreous  ore.  This 
fcarce  and  valuable  ore  is  of  a white,  gray,  pearly,  or  yellow,  green,  brown, 
purple,  or  black  colour,  frequently  cryftallized  in  a cubic  form,  fometimes  refem- 
bling  an  earth,  eafily  fufible  without  any  fmoke.  The  black  fort  is  friable,  and 
eafily  pulverifed';  but  the  other  fort  is  in  fome  degree  malleable,  may  be  cut  with 
a knife,  and  takes  a fort  of  polifli  when  rubbed.  The  vitreous  ore  mixed  with 
the  black  is  foluble  in  nitrous  acid,  and  may  by  that  means  be  feparated,  the 
faline  ores  being  infoluble  in  that  acid ; if  pure  from  iron,  thefe  ores  fhould  con- 
tain 70  per  cent,  of  filver  at  lead,  but  they  moftly  contain  fome  portion  of  iron, 
of  which  fome  is  even  united  to  the  marine  acid,  according  to  Monnec.  It  is 
found  in  Saxony,  Bohemia,  St.  Marie  aux  Mines,  Siberia,  and  Peru.  It  was  firft 
aflayed  by  Wolfe,  Phil.  Tranf,  1776,  and  afterwards,  though  lefs  exaftly,  by 
Mon  net,  ip  1777. 

Bergrnan  gives  the  following  moft  ingenious  method  of  analyfing  thefe  ores  in 
the  moift  way. 

i°.  He  digefts  this  compound  ore  in  the  marine  acid  for  24  hours,  by  which 
means  the  vitriol  of  filver  is  decompofed,  and  the  whole  is  converted  into  horn 
filver.  He  then  judges  of  the  quantity  of  the  vitriol  of  filver,  by  the  quantity 
of  vitriolic  acid  let  loofe  in  the  liquor  j and  to  find  how  mucli  this  is,  he  decants 
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the  clear  liquor,  and  drops  into  it  a folution  of  nitrous  barofelenite,  which  is 
immediately  decompofed  by  the  vitriolic  acid,  and  forms  true  vitriolic  barofeit- 
ivite,  of  which  100  grains  contain  15  of  dephlegmated  vitriolic  acid*  and  fo  in 
proportion.  Now  100  grains  of  vitriol  of  filver  contain.25.37  of  the  fame  de- 
phlegmated acid,  fo  that  25,37  grains  of  this  acid  indicate  100  of  vitriol  of 
fiver,  and  fo  in  proportion ; and  thus  the  quantity  of  filver  in  the  vitriol  of  filver 
is  alfo  found,  as  100  grains  of  it  contain  74,62  of  filver*,  and  the  proportion  of 
vitriol  of  filver  being  known,  that  of  horn  filver  of  courfe  is  known  ; but  if  the 
ore  be  of  the  black  kind,  after  the  whole  is  turned  into  born  filver,  it  fhould  be 
digefted  in  cauftic  volatile  alkali,  which,  will,  take  up  the  horn  filver,  and  leave 
the  vitreous  ore.  The  iron,  if  ajiy,  fhould  be  precipitated  from  the  firft  folution,, 
by  the  Pruffian  alkali,  after  the  precipitation  of  the  barofelenite. 

f he  following  prccejfes , like  the  others  extracted  from  Cramer's  Art  of  Affayihg , are 
valuable  for  the  minute  accuracy  of  the  inftruZUvn  as  to  management  of  ajfays  by  the 
furnace. 

Process  T. 

A'o  precipitate  filver  by  means  of  lead  from  fiifible  ores.. 

Pound  the  ore  in  a very  clean  iron  mortar  into  fine  powder : of  this  weigh 
one  docimaftical  centner  or  quintal,,  and  eight  of  the  like  centners  of  granulated 
lead. 

Then  have  at  hand  the  docimaftical’  teft,  which  muft  not  as  yet  have  ferved- 
to  any  operation  : pour  into  it  about  half  of  the  granulated  lead,  and  fpread  ic 
with  your  finger  through  the  cavity  of  it... 

Put  upon  this  lead  the  pounded  ore  ; and  then  cover  it  quite  with  the  remain- 
der of  the  granulated  lead*. 

Put  the  teft,  thus  loaded,,  under  the  muffle  of  an  eflay-furnaee,  and  in  the 
hinder  part  of  it : then  make  your  fire,  and  increafe  it  gradually.  If  you  loolt. 
through  the  holes  of  either  of  the  hides,  you  will  foon  fee  drat,  the  pounded  ore 
will  be  raifed  out  of  the  melted  lead,  and  fwim  upon  it.  A.  little  afterwards,,  it 
will  grow  clammy,  melt,  and  be  thrown-  towards  the.  border,  of  the  teft  : then  the 
furface  of  the  lead  will  appear  in  the  middle  of  the  teft  like  a bright  diik,.  and  you 
will  fee  it  frnoke  and  boil  : as.  foon  as  you  fee  this,  it  will  be  proper  to  diminifhf., 
the  fire  a final!  matter  for  a quarter  of  an- hour,  fa  that  the  boiling  of  the  lead 
may  almoft  ceafe.  Then  again  increafe  the  fire  to  fuch  a degree  that  the  whole. 
Enafs  may  be  converted-  into  a thin  fluid,  and  the  lead  may  be  feen,  as  before,, 
finoking  and  boiling  with  great  violence.  The  furface  will  then  dlminifh  by 
degrees,  and  become  covered  with  a mafs  of  fcorias.  Finally,  have  atdrand  an 
iron  hook  ready  heated,  wherewith  the  whole  mafs  muft  be  ftirred,  efpecially 
towards,  the  border;  that  in  cafe  any  finall  parcels  of  the  ore,  not  yet  diifiolved*. 
fhould  be  adherent  there,  they  may  be  brought  down,  taking  great  care  not  toftir 
the  lead. particle  out  of  the  teft.. 

Now,,  if  what  is  adherent  to  the  hook  during  the  ftirring,  when  you  raife  It 
above  the  teft,  melts  quickly  again,  and  the  extremity  of  the  hook,  grown  cold, 
is  covered' with  a thin,  ftnooth,  fhining  cruft;  it  is  a fign  that  the  fcorification  is 
peifetft  ; and  it  will  be  the  more  fo,  as  the  faid  cruft  adherent  to  the  hook  (ball  be 
coloured  equally  on  every  fide  ; but  in  cafe,,  while  the  fcorias  are  ftirred,  you  per- 
ceive any  confliderable  clamminefs.in  them,  and  when  they  adhere  in  good  quan- 

* According  to  Bergman,  100  parts  of  vitriol  of  filver  contain  but  68,75  of  filver. 
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tity  tothehook,  though  red-hot,  and  are  unequally  tinged,  and  feem  duftyor  rough 
•with  grains  interfperfed  here  and  there ; it  is  a fign  that  the  ore  is  not  entirely 
vitrified.  In  this- cafe,  you  muft  with  a hammer  ftrike  off  what  is  adherent  to 
the  hook,  pulverize  it,  and  with  a ladle  put  it  again  into  the  teft,  without  any 
lofs  or  mixture  of  any  foreign  body,  and  continue  the  fire  in  the  fame  degree 
till  the  fcoria  has  acquired  its  perfection,  and  the  above-mentioned  qualities. 
This  once  obtained,  take  the  teft  with  a pair  of  tongs  out  of  the  fire,  and  pour 
the  lead,  together  with  the  fcoria  fwimming  upon  it,  into  a cone  made  hot  and 
rubbed  with  tallow.  Thus  will  the  procefs  of  the  firft  operation  be  performed, 
which  does  not  commonly,  indeed,  laffc  above  three  quarters  of  an.  hour. 

With  a hammer  ftrike  the  fcorias  off  from  the  regulus  grown  cold,  and  again 
examine  whether  they  have  the  chara&eriftics  of  a perfect  fcorification  : if  they 
have,  you  may  thence  conclude,  that  the  filver  has  been  precipitated  out  of  th$ 
ore  turned  to  fcorias,  and  received  by  the  lead. 

When  the  fcorification  lafts  longer  than  we  mentioned,  the  lead  at  laft  turns 
to  fcorias  or  litharge,  and  the  filver  remains  at  the  bottom  of  the  vclfel ; but  the 
fire  mull  be  moderately  fupplied,  and  the  veffel  be  extremely  good,  to  produce 
this  effeCt  j for  they  feldom  refill;  the  ftrength  of  the  fcorias  long  enough  ; fo  that 
the  whole  fcorification  may  be  brought  to  an  end  ; which  has  afterwards  this  in- 
conveniency,  that  the  filver  is  diffipated  by  grains  in  the  fmall  hollows  of  the 
corroded  ore,  and  can  hardly  be  weil  collected  again,  when  the  ore  has  but  little 
filver  in  it.  Indeed,  there  is  {till  more  time  to  be  confumed  to  obtain  the  per- 
fect deltruCtion  of  the  lead,  by  means  of  the  combined  aCtions  of  the  fire  and 
air,  becaufe  the  fcorias  fwimming  at  the  top  retard  it  confiderably.. 

In  this  procefs,  the  fulphur  and  the  arfenic  of  the  filver  ore,  when  the  ore 
is  broken  fmall,  and  extended  widely  in  a fmall  quantity,  are  in  part  eafily  dif- 
fipated by  the  fire,  and  in  part  abforbed  by  the  lead  ; the  lighter  part  of  which, 
fwimming  upon  the  heavier,  becomes  very  clammy  by  means  of  the  fulphur 
which  is  in  the  ore  ; but  when  this  is  diffipated  by  the- violence  of  fire,  it  turns 
into  glafs  or  fcorias  : but  when  arfenic  is  predominant  in  the  ore,  the  plumbeous 
part  turns  immediately  into  a very  penetrating  and  very  fufible  glafs,  having  a dif- 
fotving  efficacy,  unlefs  the  arfenic  lies  hidden. in  a white  pyrite  or  cobalt..  For. 
this  reafon,  the  fixed  part  of  the  ore,  which  is  no  filver,  is  diflblved  by  that 
glafs,  melts,  and  affumes  the  form  of  fcorias.  The  unmetallic  earths- and  the. 
pure  copper  of  lead-ores  which  adhere  to  it  are  of  this  kind.  The  filver  then 
remains  immutable;  and  being  freed  from  thefe  heterogeneous  bodies,,  which 
are  partly  diffipated  and  partly  melted,  it  is  precipitated  and  received  by  the 
remaining  regulus  of’ lead.  Hence  this- procefs  is  completed' by  three  d iftinCt 
operations;  viz.  1.  By  roafting.  2.  By  fcorification.  3.  By  the  melting  pre- 
cipitation of  the  filver,  which  is  the  result  of  the  two  former  operations. 

The  ore- muft  be  pulverized  very  fine  in  order  to  increafe  the  ftirface,  that, 
the  diffipation  of  the  volatiles,  and  the  diffolution  by  litharge,  may  be  fooner 
effefted.  This  pulverifing  muft  then  be  done  before  the  ore  is  weighed,  be- 
caufe there  is  alwaysTome  part  of  the  ore  adherent  to  the  mortar  or  iron  plate, 
on  which  it  is  made-  fine;  which'  part  being  loft,  the  operation  is  not  exadt;. 
Erker  was  in  the  right  when  he  prefcribed  eight  centners  of  lead  Tor  the  lub- 
duing  of  fufible  ores.  Neverthelefs,  it  muft  be  owned  that- this  quantity  is 
fuperfiuous  in  fome  cafes.  However*  as  the  fluxibihty  of  the.  filver  ore. depends 
on  the  abfence  of  ftones,  pyrites,  &c.  it  is  eafy  to  fee  that  there  are  an  infinite, 
number  of  degrees  of  fluxtbility  which  it  would  be  needlefs  to  determine  by  the 
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Tbare  fight.  Befides,  a little  more  lead  does  not  render  the  procefs  imperfeCt  ; oti 
the  contrary,  if  you  ufe  too  fmall  a quantity  of  lead,  the  fcorification  is  never 
completely  made.  Indeed,  there  are  a great  many  ores  containing  fulphur  and 
arfenic  in  abundance,  that  deftroy  a confiderable  quantity  of  lead:  fuch  are  the 
red  filver  ore,  and  that  in  which  there  is  a great  deal  of  the  fteel-grained  lead  ore. 
If  the  fire  mull  be  fometimes  diminifhea  in  the  middle  of  the  procefs,  it  is  in 
order  to  hinder  the  too  much  attenuated  litharge,  which  is  continually  generated 
out  of  the  lead,  from  penetrating  the  pores  of  the  tell,  and  from  corroding  it ; 
which  is  eafily  done  when  the  fire  is  over  ftrong;  for  then  the  furface  of  the  veflel 
which  is  contiguous  to  the  lead  contracts  cavities,  or,  being  totally  confirmed  by 
fmall  holes,  lets  the  regulus  flow  out  of  it.  The  veflels  that  are  molt  fubjeCt  to 
this  inconvenience  are  thofe,  in  the  materials  of  which  lime,  plafter,  and  chalk, 
are  mixed.  Nay,  thefe  bodies,  which  are  naturally  refraCtory,  being  eroded 
during  their  fcorification,  at  the  fame  time  communicate  a great  clamminefs  to 
the  fcoria;  fo  that  a great  quantity  of  the  mafs  remains  adherent  to  the  tefh  in  the 
form  of  protuberances,  when  it  is  poured  out ; and  by  this  means  a great  many 
grains  of  the  regulus  are  detained. 

Process  II. 

The  regulus  obtained  by  the  preceding  procefs,  contains  all  the  filver  of  the 
ore,  and  the  unfcorified  part  of  the  lead.  The  filver  may  be  afterwards  fepa- 
rated  from  the  lead,  and  obtained  pure  by  cupellauon. 

Process  III. 

(Art  of  Aflaying,  Part  II.  procefs  3.) 

If  the  filver  ore  cannot  be  wafhed  clean,  or  if  it  be  rendered  refraftory  by  a mixture  of 
unmet  allic  earths  and  Jlones,  the  fcorification  of  thefe  earthy  matters  frequently  cannot 
be  completed  by  Procefs  L Cramer  therefore  directs  that  fuch  ores  fhall  be  treated 
in  the  following  manner. 

Bruife  the  ore  into  an  Impalpable  powder,  by  grinding  in  a mortar;  to  a doci- 
tnallical  centner  of  it  add  a like  quantity  of  glafs  of  lead,  finely  pulverifed ; for 
the  more  exaCtly  thefe  two  are  mixed  together,  the  more  eafily  the  fcorification 
afterwards  fucceeds.  Put  this  mixture,  together  with  twelve  centners  of  lead,  into 
the  teft,  according  to  Procefs  I. ; then  put  the  teft  under  the  muffle. 

Make  firft  under  it  a ftrong  fire,  till  the  lead  boils  very  well;  when  this  takes 
place,  diminifh  the  violence  of  the  heat,  as  was  directed  in  Procefs  I.  But  keep 
it  thus  diminilhed  a little  longer : then  finally  again  increafe  the  fire  to  fuch  a 
degree,  till  you  perceive  the  figns  of  a perfect  fcorification  and  fufion.  Now 
this  procefs  lafts  a little  longer  than  the  foregoing,  and  requires  a greater  fire 
towards  the  end. 

It  fometimes  happens  that  a very  refraCtory  ore  cannot  be  diflolved  by  litharge, 
And  that  a mafs,  which  has  the  clamminefs  of  pitch,  fwims  upon  the  regulus  and 
upon  the  fcorias  themfelves,  which  are  already  fubdued  in  part:  when  this  takes 
place,  fhut  the  vents  of  the  furnace  to  diminifh  the  fire;  then  gently  touch  this 
refractory  body  with  a fmall  cold  iron  hook,  to  which  it  will  immediately 
Hick;  take  it  off  fofdy,  not  to  lofe  any  thing;  pound  it  into  a fine  powder,  add- 
ing a little  glafs  of  lead,  and  put  it  again  into  the  teft;  then  continue  the  fcorifi- 
cation, till  it  is  brought  to  its  perfection.  But  you  muft  always  examine  the  fcoria 
of  your  refraftory  ore,  to  fee  whether  there  may  not  be  fome  grains  of  regulus 
difperfed  in  it;  for  fometimes  the  fcorias  that  grow  clammy  retain  fomething  of 
ihe  metal ; which  if  you  fufpeCt,  pound  the  fcoria  into  a fine  duft,  and  thus  the 
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grains  of  metal  will  appear,  if  there  are  any  left,  becaufe  they  can  never  be  pound- 
ed fine.  The  filver  is  feparated  from  the  regulus  by  copelling,  as  in  Procefs  I. 

All  earths  and  ftones  are  refradory  in  the  fire  ; for,  although  fome  of  them 
melt  naturally  in  the  fire,  as  is  the  cafe  with  thofe  that  are  verifiable  • yet  all  the 
others,  a very  few  excepted,  melt  with  much  greater  difficulty  than  metals,  and 
never  become  fo  thin  in  the  fufion  as  is  requifite  for  the  fufficient  precipitation  of 
a precious  metal.  But  litharge  itfelf  does  not  conveniently  diftblve  thefe  refrac- 
tory matters  by  the  help  of  fire  alone,  unlefs  fome  mechanical  mixture  is  added 
to  them;  for  the  very  moment  the  faid  litharge  penetrates  through  the  interfaces 
of  the  refradory  ore,  and  begins  to  diffolve  it,  a tenacious  mafs  is  produced, 
which  hardly  admits  any  farther  dilution  by  the  litharge.  You  may  plainly 
perceive  it,  if  you  make  coloured  glafles  with  metallic  calces  ; if  you  pour  care- 
lefsly  upon  them  a calx  that  gives  a colour,  you  will  never  caufe  them  to  be 
equally  dyed  on  every  fide,  even  though  you  fiiouid  torture  them  for  whole  days 
together  in  a ftrong  fire.  Indeed,  glafs  already  made  can  never  be  diluted  by 
only  pouring  falts  and  litharge  upon  it.  Hence,  you  muft  ufe  the  artifice  of 
glafs-makers,  who,  in  the  making  of  the  moft  perfed  glafles,.  take  great  care,., 
before  they  put  the  fpecies  of  their  ingredients  into  the  fire,  to  have  a mechanical, 
mixture  precede,  or  at  leaft  accede,  during  the  fufion  itfelf,  which  is  done  here  by 
pounding  glafs  of  lead  mixed  with  the  ore:  but  ifyouihink  that  your  glafs  of  lead 
is  not  fufficiently  fufible,  you  may  add  to  it  litharge,  melted  firft,  and  then, 
pounded  into  a fine  powder. 

As  this  fcorification  requires  a longer  and  a greater  fire  than  the  foregoing,  and; 
as  a greater  quantity  of  litharge  is  befides  this  requifite  to  fubdue  the  refradory 
fcoria ; it  is  eafy  to  fee  why  a much  greater  quantity  of  lead  muft  be  ufed  here 
than  in  Procefs  I. ; and  although  lefs  lead  is  often  fufficient,  it  is  neverthelefs 
proper  always  to  ufe  the  greateft  quantity  that  can  be  neceflary;  left,  for  inftance;. 
it  Ihould  be  neceflary  to  try  fo  many  times  the  lead  alone,,  to  make  it  evident  how 
much  filver  the  lead,  when  alone,  leaves  in  the  coppel.  Nor  is  there  any  occa- 
fion  to  fear  left  any  thing  of  the  filver  be  taken  away  by  the  lead,  provided  the 
coppels  be  good,  and  the  coppelling  duly  put  in  execution ; for  you  can  hardly, 
coiled  a ponderable  quantity  of  filver  out  of  the  colleded  fume  of  the  lead,  which.! 
rifes  during  the  coppelling,  as  well  as  out  of  the  litharge,  that  is  withdrawn  into* 
the  coppel. 

Process  IV. 

(Art  of  Aflaying,  Part  II.  procefs  4.) 

If  the  ore  be  rendered  refractory  by  -pyrites,  Cramer  directs  that  the  filver  Jhould  be- 
precipitated  by  lead  in  the  following  manner. 

Break  your  ore  into  a rough  powder,  and  put  a centner  of  it  into  the  teft  : put 
upon  this  another  teft  in  the  manner  of  a tile;  put  itr  under  the  muffle  hardly, 
red-hot : increafe  the  fire  by  degrees.  There  will  always  be  a crackling  which 
being  ended,  take  away  the  upper  teft;  for  when  the  veflels  have  been  red-hot 
about  one  minute,  the  ore  ceafes  to  fplit.  Leave  the  ore  under  the  muffle  till  the 
arffinic  and  the  fulphur  are  for  the  moft  part  evaporated ; which  you  will  know 
from  the  ceflation  of  the  vifible  fmoke,  of  the  frnell  of  garlic,  or  the  acid  ; then 
take  away  the  teft;,  and  leave  it  in  a place  not  too  cold,  that  it  may  cool  of  itfelf. 

Pour  out,  without  any  diffipation,  the  roafted .pi'e,  and  with  a knife  take  away 
what  is  adherent  to  the  veflelj  pound  it  to  a moft  fubtle  powder,  and  grind  it 
together  with  an  equal  weight  of  glafs  of  lead$  and  laftly,  fcorify  the  whole 
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collected  ore  in  the  fame  tell  in  which  the  telling  was  made,  unlefs  it  has  con-* 
trailed  chinks,  as  was  described  in  Procefs  III. 

Remarks . Yellow  pyrices-ores  contain  a very  great  quantity  of  fulphur,  even 
greater  than  is  neceffary  to  faturate  the  metal  that  lies  concealed  in. them.  For 
which  reafon  this  fuperfluous  fulphur  diffipates  in  a middling  fire ; but  if  it  had 
been  mixed  with  lead  it  would  have  rendered  it  refractory,  nor  could  it  after- 
wards be  diflipated  from  it  without  a confiderable  deftrudtion  of  the  lead.  The 
white  arfenical  pyrites  turn  alfo  a great  quantity  of  lead  into  glafs,  on  account  of 
the  abundance  of  the  arfenic  they  contain.  In  confequence  of  this,  thefe  ores 
muft  beprevioufly  roafted,  that  the  fulphur  and  arfenic  may  be  diflipated.  Nor 
is  there  any  occafion  to  fear  left  any  part  of  the  filver  be  carried  away  with  the 
arfenic;  for.  when  arfenic  is  feparated  from  any  fixed  body,  by  a certain  degree 
of  fire,  it  carries  nothing  of  that  body  away  with  it. 

Process  V. 

(Art  of  Allaying,  Part  If.  procefs  9.) 

Silver  may  J>e  •precipitated from  its  ore  by  appellation  only , in  the  following  procefs , 
given  by  Cramer. 

Pound  one  centner  of  ore,  roafted  in  the  manner  diredted  in  the.  laft  procefs ; 
beat  it  to  a mofl  fubtle  powder  ; and- if  it  melts  with  difficulty  on  the  fire,  grind 
it  together  with  one  centner  of  litharge,  which  is  not  neceffary  when  the  ore  melts 
calily;  then  divide  the  mixture,  or  the  powder  of  the  ore  alone,  into  five  or  fix 
parts,  and  wrap  up  every  one  of  them  feverally  in  fuch  bits  of  paper  as  can 
contain  no  more  than  this  fmall  portion. 

Put  a very  large  coppel  under  the  muffle;  road  it  well  firft,  and  then  put 
into  it  16  centners  of  lead : when  the  lead  begins  to  fmoke  and  boil,  put  upon  it 
one  of  thefe  portions  with  the  fmall  paper  it  was  wrapt  up  in,  and  diminifh  the 
fire  immediately,  in  the  fame  manner  as  if  you  would  make  a fcorification  in  a 
tell,  but  in  a lefter  time.  The  fmall  paper,  which  turns  prefently  to  afhes, 
goes  off  of  itfelf,  and  does  not  fenfibly  increafe  the  mafs  of  the  fcorias.  The  ore 
proceeding  from  this  is  caft  on  the  border,  and  very  foon  turns  to  fcorias. 
Increafe  the  fire  again  immediately,  and  at  the  fame  time  put  another  portion  of 
the  ore  into  the  coppel.  The  fame  effedis  will  then  be  produced.  Continue 
your  operations  in  the  fame  manner,  till  all  the  portions  are  thrown  in  and 
confumed  in  the  lead.  Laftly,  deftroy  the  remaining  lead  with  a flronger  fire. 

The  filver  that  was  in  the  ore  and  in  the  lead  will  remain  in  the  coppel.  If 
you  dedudt  from  it  the  bead  proceeding  from  the  lead,  you  will  have  the  weight 
of  the  filver  contained  in  the  ore.  If  the  ore  employed  was  eafy  to  be  melted, 
all  the  fcoria  vanifhes ; but  if  it  was  refradtory  or  not  fufible,  all  the  fcoria  does 
not  always  pafs  away,  but  there  remains  fomething  of  it  occafionally  in  the  form 
of  drift.  A great  many  ores*and  metals  may  be  tried  this  way,  except  fuch  only 
as  fplit  and  corrode  the  coppels.  There  are  likewife  fomeof  them  which  muft  be 
previoufly  prepared,  in  the  fame  manner  as  is  required  to  render  them  fit  for 
going  through  a fcorification.  See  the  preceding  Processes. 

Remarks.  The  ore  thrown  at  feveral  times  upon  lead  boiling  in  a coppel, 
may  be  diffolved  without  the  foregoing  fcorification  : but  this  is  very  far  from 
having  an  equal  fuccefs  with  all  kinds  of  ores;  for  there  are  ores  and  metals  which 
refill  very  much  their  .diffolution  by  litharge;  and  which  being  on  this  account 
thrown  on  the  border,  are  not  fufficiently  diftblved;  becaufe  the  litharge  foon 
fteals  away  into  the  coppel.  Neverthelefs  there  are  fome  others  which  vanifh 
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entirely  by  this  method,  except  the  filver  and  gold  that  were  contained  in  them, 
— A previous  roafting  is  neceflary;  firft,  for  the  reafons  mentioned,  and  then 
becaufe  the  ore  thrown  upon  boiling  lead  fhould  not  crackle  and  leap  out;  for, 
having  once  pafled  the  fire,  it  bears  the  moft  fudden  heat. 

Process  VI. 

(Cramer,  procefs  15.) 

Silver  may  be  precipitated  out  of  the  fame  bodies  as  were  mentioned  in  the  foregoing 
procejfes,  by  fcorification  in  a crucible. 

The  body  out  of  which  you  intend  to  precipitate  filver  muft  be  previoufly 
prepared  for  a fcorification  by  pounding  and  roafting,  as  mentioned  in  the  former 
procefles.  Then  in  the  fame  manner,  and  with  the  fame  quantity  of  lead,  put  it 
into  a crucible  ftridlly  examined,  that  it  be  entire,  folid,  not  fpeckled  with  black 
fpots,  like  the  fcoria  of  iron,  efpecially  at  its  inferior  parts,  and  capable  of  con- 
taining three  times  as  much.  Add  befides  glafs-gall  and  common  fait,  both  very 
dry,  and  in  fufficient  quantities,  that,  when  the  whole  is  melted,  the  falts  may 
fwim  at  top  at  the  height  of  about  half  an  inch. 

Put  the  crucible  thus  loaded  into  a wind-furnace;  (hut  it  clofe  with  a tile; 
put  coals  round  it,  but  not  higher  than  the  upper  border  of  the  crucible.  Then 
light  them  with  burning  coals,  and  increafe  the  fire  till  the  whole  melts  very 
thin,  which  will  be  done  by  a middling  fire,  maintained  always  equal,  and  never 
greater  : leave  it  thus  for  about  one  quarter  of  an  hour,  that  the  fcorification  may 
be  perfe&ly  made.  Take  off  the  tile,  and  ftir  the  mafs  with  an  iron  wire,  and  a 
little  after  pour  it  out  into  the  mould.  When  the  regulus  is  cleared  from  fcorias, 
try  it  in  a teft  by  coppelling  it. 

Remarks.  The  fcorification  of  any  ore  'whatever,  or  of  any  body  fetched  out 
of  ores,  may  indeed  be  made  by  this  apparatus,  as  well  as  in  a teft  under  a muffle  : 
but  it  ferves  chiefly  to  the  end  that  a greater  quantity  of  metal  may  be  melted 
from  it  with  profit.  For  you  may  put  many  common  pounds  of  it  at  one  Angle 
time  into  the  crucible ; but  then  you  need  not  obferve  the  proportion  of  lead 
preferibed  in  the  foregoing  procefs ; indeed,  a quantity  of  lead  two  or  three  times 
lefs  is  fufficient,  according  to  the  different  qualities  of  the  object.  But  the  mafs 
will  certainly  be  fpilt,  unlefs  you  choofe  a very  good  crucible  ; for  there  is  no 
vefiel  charged  with  litharge,  that  can  bear  a ftrong  fire  having  a draught  of  wind, 
without  giving  way  through  it  to  the  litharge. 

You  add  glafs-gall  and  common  fait,  that  they  may  forward  the  fcorification, 
by  fwimming  at  top;  for  the  refra&ory  fcoria  rejeded  by  the  litharge,  and  adher- 
ing between  this  and  the  falts  that  fwim  at  top,  is  foon  brought  to  a flux,  and  the 
precipitation  of  the  filver  is  thereby  accelerated.  They  alfo  hinder  in  a manner 
a fmall  burning  coal  fallen  into  the  crucible,  from  fetting  the  litharge  a-boiling, 
which  troubles  the  operation ; for  the  litharge,  or  glafs  of  lead,  efpecially  that 
which  is  made  without  any  addition,  as  foon  as  the  phlogifton  enters  into  it,  rifes 
into  a foamy  mafs,  confifting  of  a multitude  of  fmall  bubbles  very  difficult  to  be 
confined,  unlefs  the  phlogifton  be  entirely  confumed,  and  the  litharge  reduced 
to  lead,  which  fometimes  rifes  above  the  border  of  the  vefiel. 

Native  metallic  filver  may  be  feparated  from  the  ftones  and  earths  with  which 
it  is  intermixed,  by  amalgamation  with  mercury,  which  operation  is  to  be  per- 
formed in  the  fame  manner  as  in  the  feparation  of  native  gold. 

ORES  OF  TIN.  The  exiftence  of  native  tin  was  long  a matter  of  doubt 
among  mineralogifts.  It  has  neverthelefs  been  undoubtedly  found  in1  various 
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places.  Magellan*,  among  other  fpecimens,'  mentions,  i.  Malleable  tin  in  a 
granular  form,  and  alfo  foliaceous,  bedded  in  a white  hard  matter  refembling 
quartz,  but  which,  on  proper  examination,  proved  to  be  arfenic;  a circumftance 
that  evinces  its  being  native  tin,  becaufe  the  arfenic  could  not  have  retained 
this  form  if  the  tin  had  undergone  the  fufing  heat.  It  appeared  like  a thick 
jagged  or  fcolloped  lace  or  edging,  .and  was  found  at  St.  Auftel  in  Cornwall. 
2.  In  the  form  of  cryftalline  metallic  laminre,  or  flat  cryftals,  riling  fide  by  fide  out 
of  an  edging,  which  fhone  like  melted  tin.  They  were  nearly  as  thin  as  the  leaves 
of  talc,  interfering  each  other  in  various  directions,  with  fome  cavities  between 
them,  within  which  appeared  many  fpecks  and  granules  of  tin  that  could  be 
eafily  cut  with  a knife  ; this  alfo  came  from  Cornwall.  3.  In  a mafTy  form, 
more  than  an  inch  thick  in  fome  places,  and  inclofed  in  a (lone  refembling 
quartz,  which  was  taken  to  be  a hard  cruft  of  cryftallized  arfenic. 

The  ores  of  tin  hitherto  found  are  in  the  calciform  date.  They  are  remark- 
able for  their  great  weight,  which  is  between  5,995  a.nd  6,730,  according  to 
Kirwan. 

The  common  ore  called  tin-ftone  has  a vitrified  appearance,  refembling  a 
garnet  of  a blackifh-brown  colour,  but  much  heavier.  Its  furface  is  (hilling,, 
fometimes  ftriated,  and  its  fradture  lamellar ; foft  enough  to  be  cut  or  fcraped 
with  a knife,  and  affording  a pale  red  powder.  Some  authors  affert  that  it  con- 
tains arfenic,  but  Kirwan  pofitively  denies  the  exiftence  of  arfenic  as  a mine- 
ralizer of  tin.  The  Germans  call  the  irregular  compact  tin  ore  by  the  name  of 
zinn-ftein;  but  the  cryftallized  tin-ftones  are  called  zinngraupen,  if  the  cryftals  are 
diftindt  and  fomewhat  large.  The  zinnzwitter  ores,  in  which  the  cryftals  are  fmall 
and  not  fo  diftindt,  refemble  fmall  grains,  fcattered  through  a compadl  raw  tin- 
ftone,  or  a done  of  any  other  kind. 

The  fpecies  of  Cornifh  tin  ores  differ  from  thofe  of  Bohemia  and  Saxony,  by 
containing  much  lefs  iron,  and  lefs  arfenic  ,*  and  this  is  the  caufe  of  the  prefer- 
ence the  Englifh  tin  in  general  obtains  above  any  other  tin. 

The  common  matrix  of  tin  in  thefe  mines  is  the  killas  and  the  growan.  This 
confifts  of  white  clay  mixed  with  mica  and  quartz,  without  any  particular  tex- 
ture; which  when  lamellar  and  hard,  is  called  gneifs  by  the  Germans,  and  is 
nothing  elfe  but  decayed  granite,  in  which  the  fehfpar  has  been  broken  down  to 
clay. 

The  zinngraupen  from  Cornwall.  If  is  the  moft remarkable,  though  rare,  and 
confifts  of  quadrangular  prilms,  or  double  quadrangular  pyramids,  joined  by 
their  bafes,  fo  that  thefe  cryftals  are  odloedral ; thefe  are  found  at  Trvvaunanee  and 
Soil-hole,  in  the  parifh  of  St.  Agnes.  Similar  prifmatic  cryftals,  but  of  as  fmall 
a fize  as  a hair,  are  found  in  tin-ftone  upon  killas,  at  Polgooth,  one  of  thericheft 
tin  mines,  which  produces  fometimes  a clear  profit  from  1000  to  1 200I.  per  month. 

The  ftream-tin  is  colledted  in  the  valleys  of  the  tin-mountains  in  Cornwall, 
and  yields  a confiderable  quantity  of  this  metal.  The  foil  is  dug  feveral  feet: 
deep,  and  walhed  by  water  going  over  it,  till  the  heavier  particles  of  the  ore 
remain  at  the  bottom.  Thefe  are  nothing  elfe  but  the  abrafions  of  the  tin  ores 
over  the  mountains,  which  are  rolled  down  the  declivities  of  the  hills  to  lower 
grounds. 

The  ftream-tin  from  Penfagillis  is  remarkable  on  account  of  the  native  gold 
sow  and  then  met  with  in  it;  and  found,  though  very  rarely,  in  pieces  of  the 


* On  Cronftedt,  6215,. 
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value  of  two  or  three  pounds  fterling.  It  principally  confifts  of  round,  oval,  and 
fomevvhat  fmooth  pieces,  from  the  fize  of  a bean  to  that  of  a pea,  and  left,  whofe 
polifhed  furfaces  (hew  a variety  of  reddifh,  grey,  light-brown,  and  dark-yellow 
colours. 

The  wood-tin  ore  looks  like  hematites,  and  is  found  only  in  the  parilhes  -of 
St.  Columb,  Roach,  and  St.  Denis.  This  is  without  any  cryftallized  form,  and 
has  a very  inconiiderable  quantity  of  iron  with  it. 

Another  wood-like  tin  ore,  defcribed  by  profeffor  Brunnich,  (hews'  various  line 
fibres  con  verging  to  different  centres,  like  the  radiated  zeolyte  ; but  is  fo  compact 
and  hard,  as  to  ft’rike  fire  with  fteel.  Itsfpecific  gravity  at  the  450  of  Fahrenheit 
is  580,  and  even  645.  It  contains  fome  arfenic  and  a confiderable  proportion 
of  iron ; and  gives  fometimes  63,5  per  cent,  of  tin.  It  is  very  fcarce,  and  found 
only  in  fmall  pieces  *. 

The  tin  fpar,  or  white  tin  ore,  is  generally  of  a whitith  or  gray  colour ; fome- 
times it  is  yellowjfli,  femi-tranfparent,  and  cryftallized,  either  of  a pyramidal 
form,  or  irregular.  It  is  white  and  femi-tranfparent,  refembling  a calcareous  or 
rather  ponderous  fpar,  but  is  eafily  known  by  its  great  weight  and  fhining  greafy 
appearance.  Its  frafture  alfo  is  vitreous.  It  was  formerly  thought  to  contain 
arfenic,  but  Margraaf  found  it  to  be  the  pureft  of  all  tin-ores  j though  it  is 
faid  to  contain  fometimes  a mixture  of  calcareous  earth.  Its  fpecific  gravity  is 
= 6,007. 

Tin  grains  is  of  a fpherical  polygonal  figure,  like  the  garnets ; but  feems  more 
un&uous  on  its  furface. 

It  is  found  either  in  large  or  fmall  grains. 

Bergman  received  a fpecimen  of  native  aurum  mufivum  from  Nerfchinfkoi  in 
Siberia.  It  refembled  the  artificial  aurum  mufivum  externally,  or  rather  the 
aurum  mufivum  formed  a cruft  invironing  a nucleus  radiated  in  its  fradlure,  and 
refembling  a white  metal.  It  yielded  to  the  knife,  and  the  place  of  fedlion 
exhibited  variable  colours.  Its  powder  was  black.  By  the  analyfis,  it  proved  to 
confift  of  tin  mineralized  by  fulphur,  with  a very  fmall  portion  of  copper.  In 
the  Journal  de  Phyfique  for  1783,  it  is  faid  that  the  fpecimen  was  too  fmall  to 
admit  of  a determination  of  the  quantities  in  the  large  way  : but  in  the  preface  to 
the  Sciographia  it  is  faid  that  the  native  aurum  mufivum  contained  forty  parts  of 
fulphur  to  one  of  tin ; and  the  other  mineral,  which  refembled  antimony,  contained 
one  fifth  part  of  fulphur  only. 

At  Hael  Rock,  in  St.  Agnes  in  Cornwall,  there  has  been  found  a metallic 
vein  nine  feet  wide,  at  twenty  yards  beneath  the  furface.  Rafpe  was  the  firft  who 
difcovered  this  to  be  a fulphurated  tin  ore  : it  is  very  compadt,  of  a blueilh-white 
colour,  approaching  to  gray  fteel,  and  fimilar  to  the  colour  of  gray  copper-ore  : 
it  is  lamellar  in  its  texture,  and  very  brittle.  It  confifts  of  fulphur,  tin,  copper, 
and  fome  iron.  Rafpe  propofes  to  call  it  bell-metalore. 

According  to  Klaproth’s  analyfis  of  this  ore,  119  grains  contain  30  of  pure 
fulphur,  41  of  tin,  43  of  copper,  two  of  iron,  and  three  grains  of  the  ftony 
matrix.  In  another  fpecimen  of  the  lame  fulphurated  tin  ore  from  Cornwall, 
there  were  in  the  hundred,  25  parts  of  fulphur,  34  of  tin,  36  of  copper,  three  of 
iron,  and  two  of  the  ftony  matrix. 

Bergman’s  method  ofeftaying  tin  ores  in  the  humid  way  is  as  follows : Let  the 
tin  ore,  well  feparated  from  its  ftony  matrix  by  walhing,  and  reduced  to  the 


* This  account  of  the  Cornifh  tin  ores  is  extracted  from  a t read  ft  of  Klaproth  by  Magellan. 

4 I 2 mo ft- 


ORE 


( 612  ) 


ORE 


moft  fubtile  powder,  be  digefted  in  concentrated  oil  of  vitriol  in  a ftrong  heat  for 
feveral  hours  ; then,  when  cool,  add  a lmall  quantity  of  concentrated  marine  acid, 
and  fuller  it  to  (land  for  one  or  two  hours;  then  add  water  ; and  when  the  folution 
is  clear  pour  it  off,  and  precipitate  it  by  fixed  mineral  alkali.  One  hundred 
thirty-one  grains  of  this  precipitate  wafhed  and  dried  are  equivalent  to  100  of 
tin  in  its  reguline  flate,  if  the  precipitate  confifts  of  pure  tin  ; but  if  it  contains 
copper  or  iron,  it  fliould  be  calcined  for  one  hour  in  a red  heat,  and  then  digefted 
in  nitrous  acid,  which  will  take  up  the  copper,  and  afterwards  in  marine  acid, 
which  will  feparate  the  iron. 

In  the  dry  way,  thefe  ores,  after  pulverization  and  feparation  of  the  ftony 
matter  by  wafhing,  are  to  be  melted  with  a mixture  of  double  their  weight  of  a 
flux,  confiding  of  equal  parts  of  pitch  and  calcined  borax,  in  a crucible  lined 
with  charcoal,  and  to  which  a cover  is  luted  ; fufion  fliould  be  fpeedily  procured. 

Bergman  recommends  a mixture  of  one  part  of  the  ore  with  two  of  tartar, 
one  of  black  flux,  and  one-half  part  of  rofin  : this  is  to  be  divided  into  three  parts, 
and  each  fucceffively  projected  into  a crucible  heated  white,  and  immediately 
covered  after  the  foregoing  portion  ceafes  to  flame  : the  whole  operation  takes 
up  but  feven  minutes,  or  lefs. 

Previous  to  fmelting  in  the  large  way,  the  impure  ores  of  tin  muft  be  cleanfed 
as  much  as  is  poflible  from  all  heterogeneous  matters.  This  cleanfing  is  more 
neceffary  in  ores  of  tin  than  of  any  other  metal,  becaufe  in  the  fmelting  of  tin 
ores  a lefs  intenfe  heat  muft  be  given  than  is  fufficient  for  the  fcorification  of 
earthy  matters ; left  the  tin  be  calcined.  Tin  ores  previoufly  bruifed  may  be 
cleanfed  by  waftiing,  for  which  operation  their  great  weight  and  hardnefs  render 
them  well  adapted.  If  they  be  intermixed  with  very  hard  ftones  or  ferruginous 
ores,  a flight  roafting  will  render  thefe  impure  matters  more  friable,  and  confe- 
quently  fitter  to  be  feparated  from  the  tin  ores.  Sometimes  thefe  operations, 
the  roafting,  contufion,  and  lotion,  muft  be  repeated.  By  roafting,  the  ferrugi- 
nous particles  are  fo  far  revived,  that  they  may  be  feparated  by  magnets. 

The  ore,  thus  cleanfed  from  adhering  heterogeneous  matters,  is  to  be  roaftedi 
in  an  oven  or  reverberatory  furnace  with  a fire  rather  intenfe  than  long  continued,, 
during  which  it  muft  be  frequently  ftirred  to  prevent  its  fufion.  By  this  opera- 
tion the  arfenic  is  expelled,  and  in  fome  works  is  colledled  in  chambers  built 
purpofely  above  the  calcining  furnace. 

Laftly,  the  ore  cleanfed  and  wafhed  is  to  be  fufed,  and  reduced  to  a metallic- 
ftate.  In  this  fufion,  attention  muft  be  given  to  the  following  particulars 

1.  No  more  heat  is  to  be  applied  than  is  fufficient  for  the  redu&ion  of  the  ore,, 
becaufe  this  metal  is  fufible  with  very  little  heat,  and  is  very  eafily  calcinable. 

2.  To  prevent  this  calcination  of  the  reduced  metal,  a larger  quantity  of  charcoal 
is  ufed  in  this  than  in  the  other  fufions.  3.  The  fcoria  muft  be  frequently- 
removed,  left  fome  of  the  tin  fliould  be  involved  in  it,  and  the  melted  ore  muft 
be  covered  with  charcoal  powder  to  prevent  the  calcination  of  its  furface.  4.  No* 
flux  or  other  fubftance,  excepting  the  fcoria  of  former  fmeltings  which  contains, 
fome  tin,  are  to  be  added,  to  facilitate  the  fufion. 

ORES  Off  URANITE,  or  URANIUM.  See  Ur  an  it  e. 

ORES  OF  WOLFRAM.  See  Wolfram. 

ORES  OF  ZINC.  This  metal  has  not  been  found  in  a native  ftate. 

All  the  ores  of  zinc  tinge  plates  of  copper  of  a yellow  colour,  when.ftratified: 
with  that  metal  and  charcoal;  but  for  this  purpofe  the  fulphureous  ores  muft  be 
previoufly  roafted*  Of  the  caldform  ores  of  zinc,  Kirwan  makes  four  varieties. 
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Variety  I.  The  vitreous  zinc  ore,  or  zinc  fpar,  is  a pure  calx  of  zinc,  of 
a whitilh-gray,  blueifh-gray,  or  yellowilh  colour,  and  of  a hardnefs  generally 
fufficient  to  ftrike  fire  with  fteel ; in  its  fra&ure  it  refembles  quartz,  irregular,, 
ftaladtitical  or  cryftallized  in  groups,  and  weighty  ; by  calcination  it  lofes  one- 
third  of  its  weight,  without  emitting  a fulphureous  or  arfenical  finell,  and  is 
infufible  in  the  ftrongeft  heat  either  fingly  or  with  mineral  alkali,  but  eafily  fufible 
with  borax  or  microdofmic  fait.  In  the  mineral  acids  it  is  foluble  with  efferves- 
cence, and  with  the  vitriolic  affords  vitriol  of  zinc.  One  hundred  grains  of  this 
ore  contain  about  65  of  the  calx  of  zinc,  28  of  aerial  acid,  fix  of  water,  and  one  of 
iron,  and  fometimes  a little  of  filex. 

Bergman  fufpefts  the  fubftance  called  zinc  fpar  by  Baron  Born  to  be  a dif- 
ferent fubftance.  Bindheim  found  it  infoluble  in  acids  before  calcination,  and 
in  the  dry  way  infufible  with  the  three  ufual  fluxes,  but  after  calcination  it  be- 
comes foluble  in  acids  *. 

Variety  II.  Tutenago,  or  the  calx  of  zinc  mixed  with  a notable  proportion 
of  iron.  Engeftrom,  .in  the  Memoirs  of  Stockholm  for  the  year  1775,  has  given 
us  an  analyfis  of  an  ore  of  this  fort  from  China  ; it  was  of  a white  colour,  inter- 
fperfed  with  red  ftreaks  of  calx  of  irpn,  and  fo  brittle  as  to  be  eafily  broken 
betwixt  the  fingers.  In  the  dry  way  it  exhibited  the  fame  appearances  as  the 
former  variety,  except  that  it  loft  no  part  of  its  weight  ; it  was  foluble  in  the 
mineral  acids,  particularly  with  the  afliftance  of  heat,  and  with  the  vitriolic 
afforded  vitriol  both  of  zinc  and  iron ; the  quantity  of  fixed  air  was  fo  fmall  as 
to  be  abforbed  by  the  folution  ; it  contained  in  various  fpecimens  from  60  to  90 
per  cent,  of  zinc;  the  remainder  was  iron  and  a fmall  proportion  of  argill. 
Bindheim  alfo  difcovered  this  variety  in  Germany,  and  found  it  to  confift  of  zinc, 
a little  iron,  and  filex  f. 

Variety  HI.  Calamine.  In  this  ore  the  calx  of  zinc  is  mixed  with  iron 
and  clay  in  various  proportions.  Its  colour  is  white,  gray,  yellow,  brown  or 
red,  not  fo  brittle  as  the  fecond  variety,  and  of  various  degrees  of  hardnefs, 
though  fcarce  ever  fo  hard  as  to  ftrike  fire  with  fteel ; its  texture  equable  or 
cellular,  and  its  form  either  irregular,  cryftallized  or  ftaladlitical ; when  calcined 
it  lofes  no  part  of  its  weight,  except  it  be  mixed  with  charcoal,  and  then  flowers 
of  zinc  fublime  ; it  is  foluble  in  acids,  and  with  the  vitriolic  affords  vitriol  of  iron 
as  well  as  of  zinc,  which  {Lews  the  iron  it  contains  is  not  much  calcined. 
The  fpecific  gravity  of  the  beft  fort,  that  is,  the  gray,  is  5,000  : 100  parts  of 
this  afforded  Bergman  84  of  calx  of  zinc,  three  of  iron,  one  of  argill,  and  12  of 
filex;  but  in  other  fpecimens  thefe  proportions  are  very  different  ; fome  ores  are 
fo  poor  as  not  to  contain  above  4 per  cent,  of  calx  of  zinc  ; a good  ore  fliould 
afford  at  lead  30  per  cent,  and  its  fpecific  gravity  be  about  4,400  or  5,000. 

Sometimes  calamines  contain  a mixture  of  calcareous  earth  and  lead.  3 Lin  . 
von  Gmel.  112.  Moft  of  the  Englifli  calamines  contain  lead. 

The  firft  and  fecond  varieties  are  eafily  analyfed  in  the  moift  way.  by  diffolving 
them  in  the  dilute  vitriolic  acid  ; the  filex,  if  any,  will  remain  undiffolved,.  and 
the  zinc  and  iron  are  taken  up,  and  may  be  feparated  by  adding  a piece  of  zinc 
previoufly  weighed,  and  boiling  the  folution  the  iron  will  be  precipitated  ; the 
folution,  which  then  contains  only  zinc,  fliould  be  precipitated  by  aerated  mineral 
alkali.  One  hundred  ninety-three  grains  of  this  precipitate  are  equivalent  to 
loo  of  zinc  in  its  metallic  form,  from  which  the  weight  loft  by  the  inferted  zinc 

* 4 Berlin  Schrift,  39$.  Quoted  by  Kirvran.  f 4 Bevl.Schnft.  4*0.  Quoted  by  Kir  wan. 
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fhould  be  fubtradfted  ; the  weight  of  the  fixed  air  and  water  may  be  colle&ed  by 
comparing  the  lofs  of  weight  which  the  ore  fuffers  by  calcination  and  folution  in 
acids. 

The  analyfis  of  the  third  variety,  or  calamine,  is  more  complex.  Bergman 
gives  ns  two  methods  of  performing  it. , The  firft  is  to  dephlogifticate  it  in  the 
nitrous  acid  with  the  afiiftance  of  heat,  and  boil  away  the  acid  to  drynefs.  Repeat 
this  operation  twice  or  thrice,  ufing  each  time  twice  as  much  of  the  acid  as  the 
ore  weighs ; and  laftly,  diffolve  all  that  is  foluble  in  a frefh  portion  of  nitrous 
acid  : by  this  means  the  zinc  (and  lead  if  any)  with  the  argill  will  be  taken  up, 
while  the  iron,  being  dephlogifticated,  will  with  the  filex  remain  undiffolved  : if 
the  folution  contains  lead,  the  marine  acid  will  precipitate  it;  after  which  the 
vitriolic  may  be  ufed  to  precipitate  the  calcareous  earth,  if  any  be  contained  in 
the  ore,  or  the  lead  and  other  metals  may  be  precipitated  by  adding  a piece  of 
zinc.  The  zinc  may  then  be  precipitated  by  the  Pruftian  alkali,  the  weight  of 
which  divided  by  five  gives  that  of  zinc  in  its  metallic  form  contained  in  the  ore. 
The  undiffolved  refiduum  fhould  be  treated  with  three  times  its  weight  of  con- 
centrated vitriolic  acid,  and  evaporated  to  drynefs,  and  all  that  is  foluble  ex- 
traded  with  warm  w'ater  ; the  iron  fhould  be  precipitated  by  the  Pruffian  alkali, 
and  the  argill  by  the  aerated  mineral  alkali,  which  fhould  alfo  be  added  to  the 
nitrous  folution  after  the  zinc  is  precipitated. 

The  fecond  method  is  fhorter  and  mere  ingenious.  He  difiills  the  vitriolic 
acid  over  calamine  to  drynefs ; the  refduum  he  lixiviates  in  hot  water ; what 
remains  undiffolved  is  filex  ; to  the  folution  he  adds  a cauftic  volatile  alkali, 
which  precipitates  the  iron  and  argill,  but  keeps  the  zinc  in  folution,  as  it  is 
foluble  in  vitriolic  ammoniac  ; the  precipitate  he  re-diffolves  in  vitriolic  acid, 
and  feparates  the  iron  and  argill  as  before. 

Variety  IV.  Zeolytiform.  In  this  ore,  the  calx  of  zinc  is  mixed  with  a 
notable  proportion  of  filex.  The  real  contents  of  this  fubftance  were  firft  dif- 
covered  by  M.  Pelletier,  a moft  accurate  Parifian  chemift.  It  was  long  taken 
for  a z'eolyte,  being  of  a pearl  colour,  cryftallized,  femi-tranfparent,  confifting 
of  laminae  diverging  from  different  centres,  and  becoming  gelatinous  with 
acids.  It  was  commonly  called  zeolyte  of  Friburgh  : he  found  too' grains  of  it 
to  contain  from  48  to  52  of  quartz,  36  of  calx  of  zinc,  and  eight  or  12  of 
water. 

Of  the  ores  of  zinc  which  are  mineralized  by  fulphur,  by  means  of  iron, 
there  are,  according  to  Kirvvan,  feven  varieties.  Thefe  are  generally  of  a lamellar 
or  fcaly  texture,  and  frequently  of  a quadrangular  form,  refembling  galena ; 
they  all  lofe  much  of  their  weight  when  heated,  and  burn  with  a blue  flame; 
their  fpecific  gravity  is  inferior  to  that  of  galena.  Almoft  all  contain  a-  mixture 
of  lead  ore  ; moft  of  them  exhale  a fulphureous  fine  11  when  feraped,  or  at  leaft 
when  vitriolic  or  marine  acid  is  dropped  on  them. 

Variety  I.  is  of  a blueifh-gray  colour,  and  of  a metallic  appearance.  Its 
form  is  generally  cubical  or  rhomboidal,  its  texture  fcaly  or  fteel-grained ; by 
calcination  it  lofes  nearly  f of  its  weight ; after  calcination  it  is  more  eafily  fo- 
luble in  the  mineral  acids.  One  hundred  parts  of  it  afforded  Bergman  about  52 
of  zinc,  eight  of  iron,  four  of  copper,  26  of  fulphur,  four  of  water,  and  fix 
of  filex. 

To  analyfe  this  ore  in  the  moift  way,  Bergman  firft  expelled  the  water  and  part 
of  the  fulphur  by  diftillation;  the  refiduum  he  treated  with  three  times  its  weight 
pf  oil  of  vitriol  evaporated  to  drynefs;  this  lixiviated  with  warm  water,  left  only 
1 • fix 
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fix  parts  undiffolved;  in  this,  folution  a polifhed  plate  of  iron  was  boiled,  which 
precipitated  the  copper.  He  then  by  means  of  the  phlogifticated  alkali  preci- 
pitated the  zinc  and  iron.  This  precipitate  being  calcined  in  an  open  fire,  was 
feveral  times  treated  with  nitrous  acid  evaporated  to  drynefs,  till  the  iron  was 
perfectly  dephlogifticated;  frefli  nitrous  acid  being  then  added,  dififolved  the 
zinc  only,  which  being  precipitated  by  the  Pruffian  alkali,  the  proportion  of 
zinc,  in  its  metallic  ftate,  was  found  as  in  the  analyfis  of  the  third  variety  of  the 
calciform  ores.  Neither  metal  as  contained  in  the  ore  is  much  dephlogifticated. 

Variety  II.  is  black,  Pecheblende.  This  ore  is , of  moderate  hardnefs, 
does  not  give  fire  with  fteel,  frequently  cryftallized,  and  then  fometimes  tranf- 
parent,  or  femi-tranfparent ; when  pulverized,  it  gives  a reddifh  powder;  when 
heated,  it  decrepitates ; and  if  laid  on  a burning  coal,  it  emits  a fulphureous  fmell, 
and  depofes  white  and  yellow  flowers;  it  is  not  magnetic  even  after  torrefa&ion, 
but  lofes  25  per  cent,  of  its  weight.  It  is  frequently  mixed  with  filver,  arfenic, 
and  other  metals.  One  hundred  parts  of  that  of  Danemora,  examined  by  Berg- 
man, exhibited  45  of  zinc,  one  of  regulus  of  arfenic,  nine  of  iron,  fix  of  lead, 
allflightly  dephlogifticated,  29  of  fulphur,  fix  of  water,  and  four  of  filex. 

This  ore  he  analyfed  in  the  moift  way  after  the  following  manner:  Firft,  by 
diftillation  he  obtained  the  water,  regulus  of  arfenic,  and  part  of  the  fulphur ; 
the  refiduum  he  boiled  in  marine  acid,  until  all  that  was  foluble  was  taken  up. 
To  the  folution,  after  its  filtration  and  fome  evaporation,  he  added  vitriolic  am- 
moniac, by  whofe  decompofition  vitriol  of  lead  was  precipitated  in  fome  meafurer 
and  the  remainder  of  it  by  further  evaporation.  This  being  feparated,  the  re- 
mainder was  evaporated  to  drynefs,  and  treated  with  nitrous  acid,  and  at  laft 
calcined  to  dephlogifticate  the  iron  ; the  calx  of  zinc  only  was  then  diflolved 
in  the  nitrous  acid,  and  precipitated  by  the  Pruflian  alkali. 

Variety  III.  is  red,  or  reddifh ; and  i9  the  Rod  Slag  of  the  Swedes.  Its 
texture  is  generally  fcaly,  fornetimes  cryftallized,  and  femi-tranfparent ; it  gives 
fire  with  fteel ; it  does  not  decrepitate  nor  fmoke  when  heated,  yet  it  lofes  about 
13  per  cent,  of  its  weight  by  torrefadVion. 

One  hundred  parts  of  that  of  Sahlberg  contained,,  by  Bergman’s  analyfis,  44 
of  zinc,  five  of  iron,  17  of  fulphur,  five  of  water,  five  of  argill,  and  24  of 
quartz. 

In  analyfing  this  ore,  the  water  and  fulphur  were  obtained  as  before  ; nitrous 
acid  was  feveral  times  diftilled  to  drynefs  over  the  refiduum,  which  was  at  laft; 
calcined,  and  again  treated  with  the  nitrous  acid,  which  then  left  the  iron  and 
quartz  and  a little  argill  undiffolved  ; the  Pruflian  alkali  precipitated  the  zinc 
from  this  folution,  and  after  that,  the  aerated  volatile  alkali  precipitated  the 
argill.  The  undiffolved  refiduum  was  treated  with  oil  of  vitriol  diflolved  to 
drynefs,  which  took  up  the  calx  of  iron,  and  a fmall  proportion  of  argill.  The 
Pruflian  alkali  precipitated  the  iron,  and  the  liquor  being  then  evaporated,  af- 
forded a little  alum  and  tartar  vitriolate. 

Variety  IV.  is  phofpborefcent  blende.  Its  colour  is  generally  greenifh, 
yellowilh-green,  or  red,  of  different  degrees  of  tranfparency,  or  opake ; when 
fcraped  with  a knife  in  the  dark,  it  emits  light,  even  in  water  ; and  after  under- 
going a white  heat,  when  diftilled  per  fe,  a filiceous  fublimate  rifes,  which  fliews. 
it  contains  the  fparry  acid,  probably  united  to  a metal,  fince  it  fublimes.  It  is 
almoft  wholly  foluble  in  the  marine  acid  in  a boiling  heat. 

Bergman  found  100  parts  of  that  of  Scharfenberg  to  contain  64  of  zinc, 
five  of  iron,  20  of  fulphur,  ,four  of  fluor  acid,  fix  of  water,  and  one  of  filex. 
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Variety  V.  is  grayifh-vellow  blende.  This  confifts  of  a mixture  of  blende, 
galena,  apd  petrol ; it  contains  about  24  per  cent,  of  zinc ; it  is  probably  the 
fame  as  the  gray  blende  of  Monnet.  Mineral,  p.  400. 

Variety  VI.  is  white  blende  •,  and  is  found  at  Silverberget. 

Variety  VII.  is  yellow  blende.  This  ore  is  of  the  colour  of  wax,  and 
femi-tranfparent,  and  contains  much  fulphur. 

In  the  dry  way  zinc  is  reduced  by  diftilling  its  ore  after  torrefa&ion,  with  a 
mixture  of  its  own  weight  of  charcoal,  in  an  earthen  retort  well  luted,  and  a 
ftrong  heat ; but  by  this  method  fcarce  half  the  zinc  it  contains  is  obtained. 

The  firft  dreffing  of  calamine  for  the  large  works  of  zinc  confifts  in  picking 
out  all  the  pieces  of  lead  ore,  lime,  and  iron-ftone,  cauk,  and  other  heterogeneous 
fubftances,  which  are  found  mixed  with  it  in  the  mine  : it  is  then  calcined  in  pro- 
per furnaces,  where  it  lofes  about  a fourth  or  third  part  of  its  weight.  It  is  picked 
out  again  very  carefully,  as  the  heterogeneous  particles  have  become  more  dis- 
cernible, by  the  adlion  of  the  fire ; it  is  then  ground  to  a fine  powder,  and  walked 
in  a gentle  rill  of  water,  which  carries  off  the  earthy  mixtures  of  extraneous 
matters  j fo  that,  by  thefe  proceffes,  a ton  weight  of  the  crude  calamine  of  Der- 
bylhire  is  reduced  to  1200  only. 

Bergman  affirms,  that  a certain  Englifhman,  whofe  name  he  does  not  mention, 
made,  feveral  years  ago,  a voyage  to  China,  for  the  purpofe  of  learning  the  art 
of  fmelting  zinc,  or  tutenago;  and  that  he  became  inftrufted  in  the  fecret,  and 
returned  fafely  home. 

It  is  not  improbable,  but  that  a fa£t  of  this  kind  may  have  ferved  to  eftablifh 
the  manufactory  of  zinc  in  England  about  the  year  1743,  when  Mr.  Champion 
obtained  a patent  for  the  making  of  it,  and  built  the  firft  work  of  the  kind  near 
Briftol.  It  confifts,  as  Watfon  relates,  of  a circular  kind  of  oven,  like  a glafs- 
houfe  furnace,  in  which  were  placed  fix  pots,  of  about  four  feet  each  in  height, 
much  refembling  large  oil-jars  in  fliape  ; into  the  bottom  of  each  pot  is  inferted 
an  iron  tube,  which  paffes  through  the  floor  of  the  furnace,  into  a veflelof  water. 
A mixture  of  the  prepared  ore  is  made  with  charcoal,  and  the  pots  are  filled 
with  it  to  the  mouth,  which  are  then  clofe  flopped  with  ftrong  covers,  and  luted 
with  clay.  The  fire  being  properly  applied,  the  metallic  vapour  of  the  calamine 
iffues  downwards,  or  per  defcenfum,  through  the  iron  tubes,  there  being  no  other 
place  through  which  it  can  efcape  ; and  the  air  being  excluded,  it  does  not  take 
fire,  but  is  condenfed  in  the  water  into  granulated  particles ; which  being  remelted, 
are  caft  into  ingots,  and  fent  to  Birmingham  under  the  name  of  zinc  or  fpelter ; 
although  by  this  laft  name  of  fpelter,  only  a granulated  kind  of  foft  brafs  is  un- 
derftood  among  the  bifaziers,  and  others  who  work  in  London,  ufed  to  folder 
pieces  of  brafs  together. 

Great  part  of  the  zinc  volatilized  by  the  force  of  fire,  in  large  furnaces,  as 
thofe  at  Goflar,  adheres  to  their  fides  in  the  form  of  a whitifh  calx ; this  is 
fcraped  off  when  the  furnace  is  cold,  and  is  called  by  the  name  of  ofenbruch  or 
cadmia,  which  is  employed,  as  well  as  zinc,  to  make  brafs. 

ORIENTAL.  Precious  ftones  from  the  Eaft  have  been  fuppofed  to  be 
harder  and  more  brilliant  than  thofe  which  come  from  South  America.  How 
far  this  may  really  be  the  cafe,  is  not  perhaps  eafy  to  be  determined.  Jewellers 
ufe  the  words  oriental  and  occidental  to  denote  the  fuperior  or  inferior  quality 
of  a gem,  without  giving  themfelves  any  trouble  about  the  place  it  came  from. 
Thus  an  oriental  topaz  is  one  of  the  belt,  whether  it  come  from  the  Eaft  Indies 
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or  not;  and  the  inferior  dones  or  coloured  quartz  are  called  occidental  topazes, 
though  feme  of-  them  perhaps  may  come  from  the  Eaft. 

ORIGANUM.  An  effential  oil  is  kept  in  the  (hops,  under  the  name  of  the 
oil  of  origanum,  which  is  obtained  from  the  leaves  of  the  origanum  vulgare 
Linn^i,  or  wild  marjoram. 

ORPJMENT.  A combination  of  the  calx  of  arfenic  with  fulphur,  of  a yellow 
colour.  Ic  is  naturally  found  in  the  earth,  generally  of  an  irregular  form,  and 
compofed  of  fhining,  flexible  lamina;,  more  or  lefs  folid.  Its  fpecific  gravity, 
according  to  Kirwan,  is  about  5,315,  who  afferts,  that  it  contains  about  one 
tenth  of  ic$  weight  of  fulphur. 

The  fame  author  afferts,  that  the  realgar,  or  red  combination  of  arfenic  and 
fulphur,  contains  16  parts  of  the  latter  in  the  hundred,  and  has  no  greater  fpecific 
gravity  than  3,225.  This  is  either  opake  or  femj-tranfparent;  fometimes  tranf- 
parent,  and  regularly  crydallized,  in  odtohedral  pyramids  or  prifms.  in  this 
lad  form  it  is  called  ruby  of  arfenic.  Chaptal,  however,  obferves  from  Bucquet, 
that  the  difference  between  orpiment  and  realgar  does  not  confift  in  the  propor- 
tion of  their  component  parts,  but  (imply  in  the  latter  having  undergone  a greater 
heat,  nothing  more  being  neceffary  in  order  to  convert  orpiment  into  realgar 
than  expofure  to  a ftrong  heat;  and  with  the  fame  mixture  we  may  at  pleafure 
obtain  either  of  thefe  products,  according  to  the  manner  of  applying  the  heat. 
This  fa<d  appears  to  refemble  the  converfion  of  mercurial  ethiops  into  cinnabar. 
See  Cinnabar. 

ORRIS.  The  dry  roots  of  the  Florence  iris  or  oris  (iris  alba  Florentina,  C.B.) 
are  entirely  mild,  and  faid  to  be  a medicine  of  good  fervice  in  diforders  of  the 
bread.  They  have  a pleafant  fweet  fmell  refembling  that  of  violets,  and  hence 
are  employed  in  fweet-fcented  powders,  for  flavouring  liquors,  &c.  The  dif- 
ti lied  water  fmells  a little  of  the  root,  but  exhibits  no  appearance  of  oil  : the 
diddled  fpirit  alfo  has  fome  flight  fmell.  The  drongeft  preparation  both  in 
fmell  and  tade,  is  the  fpirituous  extracd,  this  containing  nearly  all.  the  adlive 
parts  of  the  root  concentrated  into  a fmall  volume.  An  ounce  of  the  root 
yielded  a dram  and  17  grains  of  fpirituous,  and  afterwards  a dram  and  40  grains 
of  watery  extrabt : water  applied  at  fil'd  extradited  from  the  fame  quantity  three 
drams,  and  fpirit  afterwards  only  eight  grains.  The  extradt  made  by  water  at 
fird  both  tades  and  fmells  of  the  orris,  though  not  near  fo  drongly  as  the  fpi- 
rituous. 

OSTEOCOLLA  is  a fubdance  formed  by  Aony  matters  filling  up  the  inter- 
dices of  rotten  roots  of  trees,  k has  been  particularly  defcribed  by  Mr.  Gleditfch, 
and  examined  chemically  by  Mr.  Margraaf.  See  Memoirs  of  the  Berlin  Aca- 
demy for  the  year  1748.  The  former  author  relates,  that  it  is  dug  from  grounds 
containing  fine  fand  and  a fine  calcareous  earth;  and  that  fometimes  the  roots 
of  living  trees  had  been  found  converted  into  this  flony  fubdance.  From 
Margraaf’s  experiments  it  appears,  that  the  odeocolla  examined  by  him  was 
cqmpofed  of  a fine  fand,  a fine  calcareous  earth,  and  fome  rotten  remains 
of  a root.  Neumann  fays,  that  he  found  marine  acid  in  odeocolla.  But  nothing 
of  that  or  any  other  acid  could  be  difcovered  by  Margraaf.  Neumann  alfo  fays, 
that  he  totally  difl'olved  odeocolla  by  means  of  dilute  vitriolic  acid.  -Hence 
the  fubdances  examined  by  thefe  two  chemids  feern  to  have  been  different. 
Differences  mud  arife  from  the  different  qualities  of  the  foil  in  which  odeocolla 
is  found. 
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OTTA  or  ATYR  OF  ROSES.  The  effential  oil  of  rofes.  It  comes  to 
us  under  this  name  from  Bengal,  and  is  of  too  high  price  to  become  an  article 
of  commerce  in  this  country.  From  a variety  of  accounts  we  learn  that  it  is 
obtained  in  the  ufual  method,  viz.  by  the  diftillation  of  rofe  leaves  with  water, 
and  that  a prodigious  quantity  of  rofes  affords  but  a fmall  proportion  of  the 
oil.  It  is  faid  to  be  equal  in  fragrance  to  a new  blown  rofe.  This  may  perhaps 
be  true  of  the  oil  when  newly  diftilled  ; but  in  the  few  fpecimens  which  have 
come  under  my  obfervation,  the  difference  in  fcent  appears  to  be  nearly  as  great 
as  between  moft  other  effential  oils  and  the  vegetables  which  afford  them. 

OXYGENE.  See  Nomenclature. 

OXYMEL.  A compound  of  honey  and  vinegar,  ufually  with  other  medical; 
ingredients. 


PALM-OIL,  This  is  obtained  from  the  kernels  of  the  fruit  of  a fpecies. 

of  palm-tree,  which  is  a native  of  the  coaft  of  Guinea  and  Cape  de  Verd; 
Iflands,  whence  it  has  been  tranfplanred  into  Jamaica  and  Barbadoes.  The  oil 
as  it  comes  to  us  is  about  the  confidence  of  an  ointment,  and  of  an  orange  co- 
lour; of  a ftrong  though  not  difagreeable  fmell,  and  very  little  tafte.  By  long, 
keeping  it  lofes  its  colour  and  becomes  white,,  when  it  ought  to  be  rejedted,  It 
is  ufed  in  external' applications,,  and  alfo  as  a purgative  medicine. 

PANACEA.  This  name,  which  fignifies  univerfal  remedy,  has  been  given 
to  various  preparations.  The  panacea  of  antimony  was  formed  by  detonations 
in  fmall  portions  at  a time  in  a red-hot,  crucible,  a mixture  of  fix.  parts,  by  weight, 
of  crude  antimony,  two  of  nitre,  one  and  a half  of  common  fait,  and  one  off’ 
charcoal.  The  mafs  when  fufed  and  poured  out  confifls.  of  regulus  of  an*, 
timony  at  bottom ; an  hepatic  compound  in  the  next  place  ; and  at  top*  a fpungy 
mafs.  This  laft,  when  pulverized,  wafhed,  and  dried,  is  of  a golden  yellow 
colour,  and  is  the  panacea.  It  was  given  in  pills  containing  from  one  tenth  to 
one  third  of  a grain  of  the  powder,  and  is  faid  to  operate  gently  as  a cathartic 
and  emetic;. 

We  have  feveral  mercurial  panaceas.  The  red  panacea  is  made  by  wafhing 
the  red  calx  of  mercury,  obtained  by  nitrous  acid  and  calcination  ; then  digefting 
it  for  many  days  in  ardent  fpirit next,  burning  off  from  it  a.  portion  of  tine-* 
ture  of  fulphur ; and  laflrly,  digefting  it- again  in.  ardent  fpirit  for  feme  days. 

The  white  panacea  confifts  of  calomel  on  which  ardent  fpirit  has  been  di* 
gelled,  and  which  is  afterwards,  according  to  fome  preferiptions,  to  be  re- 
peatedly fublimed^ 
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Modern  chemidry  has  rejected  thefe  inartificial,  troublefome,  and  at  bed* 
ufelefs  procefies. 

The  magnefian  earth  obtained  by  precipitation  from  the  mother  water  of 
nitre,  was  called  the  nitrous  panacea. 

PAPER-MARLE.  See  Marle. 

PARGET.  The  plader  ftone  or  calcareous  earth  combined  with  vitriolic 
acid. 

PARIAN  MARBLE.  A fine  white  Italian  marble,  which  is  never  po- 
liced when  wrought,  but  only  finely  ground  down.  It  has  a glittering  tex- 
ture, and  is  fiightly  tranfparent  at  the  edges.  Crondedt  confiders  it  as  a lime- 
done,  that  is,  lime  combined  with  fixed  air  and  water. 

PARTING,  is  an  operation  by  which  gold  and  filver  are  feparated  from 
each  other.  As  thefe  two  metals  refill  equally  well  the  aflion  of  fire  and  of 
lead,  they  mull  therefore  be  feparated  by  other  methods.  This  feparation  could 
not  be  effected,  if  they  were  not  foluble  by  different  menftruums. 

Nitrous  acid,  marine  acid,  and  fulphur,  which  cannot  difl'olve  gold,  attack 
filver  very  eafily ; and  therefore  thefe  three  agents  furnilh  methods  of  feparating 
filver  from  gold,  or  of  the  operation  called  parting. 

Parting  by  nitrous  acid  is  the  mod  convenient,  and  therefore  mod  ufed,  and 
even  almod  the  only  one  employed  by  goldfmiths  and  coiners.  Wherefore 
it  is  called  limply  parting.  That  made  with  the  marine  acid  is  only  made  by 
cementation,  and  is  known  by  the  name  of  concentrated  parting.  Ladly,  part- 
ing by  fulphur  is  made  by  fufion,  which  the  chemids  call  the  dry  way,  and  is 
therefore  called  dry  parting.  We  diall  defcribe  each  of  thefe  methods  *. 

PARTING  BY  AQUA  FORTIS.  Although  parting  by  aqua  fortis  be 
eafy,  as  we  have  faid,  it  cannot  fucceed,  or  be  very  exadt,  unlefs  we  attend  to 
fome  elfential  circumdances. 

1.  The  gold  and  filver  mud  be  in  a proper  proportion ; for  if  the  gold  be  in 
too  great  quantity,  the  filver  would  be  covered  and  guarded  by  it  from  the  a&ion 
of  the  acid. 

Therefore  when  efiayers  do  not  know  the  proportion  of  thefe  two  metals  in 
•he  mafs  to  be  operated  on,  they  difcover  it  by  the  touch,  or  aflay  needles. 
See  Assay. 

If  this  trial  (hews,  that  in  any  given  mafs  the  filver  is  not  to  the  gold  as  three 
to  one,  this  mafs  is  improper  for  the  operation  of  parting  by  aqua  fortis.  In 
this  cafe,  the  quantity  of  filver  neceflary  to  make  an  allay  of  that  proportion  mud 
be  added. 

This  operation  is  called  quartation,  probably  becaufe  it  reduces  the  gold  to  a 
fourth  part  of  the  whole  mafs. 

2,  That  the  parting  may  be  exadt,  the  nitrous  acid  or  aqua  fortis  employed 
mud  be  very  pure,  and  efpecially  freedom  mixture  of  vitriolic. and  marine  acids. 
Its  purity  mud  therefore  be  afcertained ; and  if  this  be  found  not  fufficient,  the 
acid  mud  be  purified  by  folution  of  filver.  See  Acid  of  Nitre,  p.  32. 

If  the  purity  of  the  aqua  fortis  were  not  attended  to,  a quantity  of  filver  pro- 
portionable *to  thefe  two  foreign  acids  would  be  feparated  during  the  folution ; 
and  this  portion  of  filver  converted  by  thefe  acids  to  vitriol  of  filver,  and  to  luna 
cornea,  would  remain  mingled  with  the  gold,  which  confequently  would  not  be 
entirely  purified  by  the  operation. 


From  Macquer. 

4K2 


When 


PAR 


( 620  ) 


PAR 


When  the  metallic  mafs  is  properly  allayed,  it  is  to* be  reduced  to  plates,  rolled 
up  fpirally,  called  cornets ; or  to  grains.  Thefe  are  to  be  put  into  a matrafs,  and 
upon  them  a quantity  of  aqua  fortis  is  to  be  poured,  the  weight  of  which  is 
to  that'  of  the  filver  as  three  to  two  : and  as  the  nitrous  acid  employed  for  this 
operation  is  rather  weak,  the  folution  is  affifted,  efpecially  at  firft,  by  the  heat 
of  a fand-bath,  in  which  the  matrafs  is  to  be  placed.  When,  notwithftanding 
the  heat,  no  further  mark  of  folution  appears,  the  aqua  fortis  charged  with 
filver  is  to  be  decanted.  Frelh  nitrous  acid  is  to  be  poured  into  the  matrafs, 
ftronger  than  the  former,  and  in  lefs  quantity,  which  mud  be  boiled  on  the  re- 
fiduous  mafs,  and  decanted  as  the  former.  Aqua  fortis  muff  even  be  boiled 
a third  time  on  the  remaining  gold,  that  all  the  filver  may  be  certainly  diffolvedo. 
The  gold  is  then  to  be  wafhedwith  boiling  water.  This  gold  is  very  pure, 
if  the  operation  has  been  performed  with  due  attention.  It  is  called  gold  of 
parting. 

No  addition  of  filver  is  required,  if  the  quantity  of  filver  of  the  mafs  is  evi- 
dently much  more  confiderable  than  that  of  the  gold  : perfons  who  have  not 
proof  needles,  and  other  apparatus  to  determine  the  proportion  of  the  allay, 
may  add  to  the  gold  an  indeterminate  quantity  of  filver,  obferving  that  this 
quantity  be  rather  too  great  than  too  fmall,  and  fo  confiderable  as  to  render  the 
mafs  nearly  as  white  as  filver ; for  a large  quantity  of  filver  is  rather  favourable 
than  hurtful  to  the  operation  : it  has  no  other  inconvenience  than  an  ufelefs 
expence,  as  the  larger  the  quantity  is  of  filver,  the  more  aqua  fortis  muft  be 
employed.  We  ought  to  attend  to  this  fad,  that  the  colour  of  gold  is 
fcarcely  perceptible  in  a mafs  two-thirds  of  which  is  filver  and  one-third  is  gold  ; 
this  colour  then  mud  be  much  lefs  perceptible  when  the  gold  is  only  one-fourth 
part,  or  lefs,  of  the  whole  mafs. 

% If  the  quantity  of  gold  exceeds  that  of  the  filver,  the  mafs  may  be  expofed 
to  the  adion  of  aqua  regia,  which  would  be  a kind  of  inverfe . parting,  be- 
caufe  the  gold  is  diflolved  in  that  menftruum,  and  the  filver  is  nor,  but  rather 
reduced  to  a luna  cornea,  which  remains  in  form  of  a precipitate  after -the  ope- 
ration. But  this  method  is  not  much  pradifed,  for  the  following  reafons. 

Firft,  the  gold  canno.t  be  eafily  feparated  from  the  aqua  regia ; for  if  the  part- 
ing has  been  made  with  an  aqua  regia  prepared  with  fal  ammoniac,  or  if  the  gold 
be  precipitated.by  a volatile  alkali,  this  gold  has  a fulminating  quality,  and  its 
redudion  requires  particular  operations.  If  the  aqua  regia  has  been  made  with 
fpirit  of  fair,  and  the  precipitation  effeded  by  a fixed  alkali,  the  gold  will  not 
then  be  fulminating,  but  the  precipitation  will  be  very  flow,  and  probably  not 
complete.  See  Gold. 

Secondly,  in  the  parting  by  aqua  regia,  the  filver  is  indeed  precipitated  into 
a luna  cornea,  and  thus  feparated  ; but  this  feparation  is  not  perfed,  as  a fmall 
quantity  of  luna  cornea  will  always  remain  diflolved  by  the  acids,  if  this  folution 
even  could  only  be  effeded  by  the  fuperabundant  water  of  thefe  acids;  Ac- 
cordingly the  filver  is  not  fo  accurately  feparated  from  the  gold  by  aqua  regia, 
as  the  gold  is  from  the  filver  by  aqua  fortis.  We  fhall  afterwards  fee,  at  the 
article  Parting  (Concentrated),  that  by  this  operation,  filver  to  ay  be  fepa- 
rated from  gold  in  the  dry  way  without  the  neceflity  of  quartation,  although  thefe 
metals  fhouid  not  be  in  a proper  proportion  for  the  parting  by  aqua  fortis. 

The  gold  after  the  parting  by  aqua  fortis  is  much  more  eafily  colleded  when 
it  remains  in  fmall  mafles,  than  when  it  is  reduced  to  a powder. 

When  the  mafs  has  been  regularly,  quarted,  that  is,  when  it  contains  three 
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parts  of  filver  and  one  part  of  gold,  we  mud  employ,  particularly  for  the  firft 
foliation,  an  aqua  fortis  fo  weakened,  that  heat  is  required  to  affift  the  folution 
of  the  filver  : by  which  means  the  folution  is  made  gently;  and  the  gold  which 
remains  preferves  the  form  of  the  fmall  maffes  before  the  folution.  If  the  aqua 
fortis  employed  were  ftronger,  the  parts  of  the  gold  would  be  difunited,  and  re- 
duced to  the  form  of  a powder,  from  the  a&ivity  with  which  the  folution  would 
be  made. 

We  may  indeed  part  by  aqua  fortis  a mafs  containing  two  parts  of  filver  to 
one  part  of  gold  ; but  then  the  aqua  fortis  muft  be  ftronger  ; and  if  the  folution 
be  not  too  much  haftened,  the  gold  will  more  eafily  remain  in  maffes  after 
the  operation.  In  both  cafes,  the  gold  will  be  found  to  be  tarnilhed  and  black- 
ened. Its  parts  have  no  adhefion  together,  becaufe  the  filver  diffolved  from  it 
has  left  many  interfaces  ; and  the  cornets  or  grains  of  this  gold  will  be  eafily 
broken,  unlefs  they  be  handled  very  carefully.  To  give  them  more  folidity, 
they  are  generally  put  into  a teft  under  a muffle,  and  made  red-hot,  during  which 
operation  they  contrail  confiderably,  and  their  parts  are  approximated.  Thefe 
pieces  of  gold  are  then  found  to  be  rendered  much  more  folid,  fo  that  they 
may  be  handled  without  being  broken.  By  this  operation  alfo  the  gold  re- 
fumes its  colour  and  lu'ftre ; and  as  it  generally  has  the  figure  of  cornets,  it  is 
called  gold  in  cornets,  or  grain  gold.  Effayers  avoid  melting  it,  as  they  choofe 
to  preferve  this  form,  which  fhews  that  it  has  been  parted. 

The  gold  and  filver  thus  operated  upon  ought  to  have  been  previoufly  re- 
fined by,  lead,  and  freed  from  all  allay  of  other  metallic  matters,  fo  that  the  gold 
which  remains  fhould  be  as  pure  as  is  poffible.  However,  ^as  this  is  the  only 
metal  which  refills  the  aition  of  aqua  fortis,  it  might  be  purified  by  parting  , 
from  all  other  metallic  fubftances ; but  this  is  not  generally  done  for  feveral 
reafons.  Firft,  becaufe  the  refining  by  lead  is  more  expeditious  and  convenient 
for  the  feparation  of  the  gold  from  the  imperfetl  metals ; . and  fecondiy,  becaufe 
the  filver,  when  afterwards  feparated  from  the. aqua  fortis,  is  pure  ; laftly,  be- 
caufe moft  imperfetft  metals  do  not  remain  completely  and  entirely  diffolved  in  ■ 
nitrous  acid,  from  the  degree  of  calcination  produced  in  them  by  this  acid,  the 
gold  would  be  found,  after  the  parting,  mixed  with  the,  part  of  thefe  metals  which 
is  precipitated. 

The  gold  remaining  after  the  parting  ought  to  be  well  waffled,  to  cleanfe  it 
from  any  of  the  folution  of  filver  which  might  adhere  to  it ; and  for  this  pur- 
pofe  diftiiled  water  ought  to  be  ufed,  or  at  leaft  water  the  purity  of  which  has 
been  afcertained  by  its  not  forming  a precipitate  with  a folution  of  filver,  becaufe 
fuch  a precipitat-e  would  alter  the  purity  of  the  gold. 

The  filver  diffolved  in  the  aqua  fortis  may  be  feparated  eiiher  by  diftillation-,  . 
in  which  cafe  all  the  aqua  fortis.  is  recovered  very  pure,  and  fit  for  another  part- 
ing; or  it  may  be  precipitated  by  fome  fubftance  which  has  a greater  affinity 
than  this  metal  with  nitrous  acid.  Copper  is  generally  employed  for  this  pur- 
pofe  at  the  mint. 

The  folution  of  filver  is  put  into  copper  veffels.  The  aqua  fortis  diffolves 
the  copper,  and  the  filver  precipitates.  When  the  filver  is  all  precipitated,  the 
new  folution  is  decanted,  which  is  then  a folution  of  copper.  The  precipitate 
is  to  be  well  wafhed,  and  may  be  melted  into  an  ingot.  It  is  called  parted 
filver.  When  this  filver  has  been  obtained  from  a tj^afs  which  had  been  refined  . 
by  lead,  and  when  i,t  has  been  well  waffled  from  the  foMtion  of  copper,  it  is  very- 
pure. 

Cramer  juftly  obferves,  in  his  Treatife  o.n  Effaying,  that  however  accurately 
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the  operation  of  parting  has  been  performed,  a fmall  portion  of  filver  always  re- 
mains united  with  the  gold,  if  the  parting  has  been  made  by  aqua  fortis ; or  a 
fmall  portion  of  the  gold  remains  united  with  the  filver,  if  the  parting  has  been 
made  by  aqua  regia  ; and  he  eftimates  this  fmall  allay  to  be  from  a two  hundredth 
to  a hundred  and  fiftieth  part,  which  quantity  may  be  confidered  as  nothing  for 
ordinary  purpofes,  but  may  become  fenfible  in  accurate  chemical  experiments. 

The  mafsof  gold  and  filver  to  be  quarted,  ought  previoufly  to  be  granulated, 
which  may  be  done  by  melting  it  in  a crucible,  and  pouring  it  into  a large  veffel 
full  of  cold  water,  while  at  the  fame  time  a rapid  circular  motion  is  given  to  the 
water  by  quickly  ftirring  it  round  with  a flick  or  broom. 

The  veffel s generally  ufed  for  this  operation,  called  parting-glaffes,  have  the 
form  of  truncated  cones,  the  bottom  being  commonly  about  feven  inches  wide, 
the  aperture  about  one  or  two  inches  wide,  and  the  height  about  twelve  inches. 
Thefe  glafs  veffels  ought  to  have  been  well  annealed,  and  chofen  free  from  flaws; 
as  one  of  the  chief  inconveniences  attending  the  operation  is,  that  the  glafles  are 
apt  to  crack,  by  expofure  to  cold,  and  even  when  touched  by  the  hand.  Some 
operators  fecure  their  glafles  by  a coating.  For  this  purpofe,  they  ipread  a mix- 
ture of  quick-lime  flaked  with  beer  and  whites  of  eggs  upon  linen  cloth,  which 
they  wrap  round  the  lower  part  of  the  veffel,  leaving  the  upper  part  uncovered, 
that  they  may  fee  the  progrefs  of  the  operation,  and  over  this  cloth  they  apply  a 
compofition  of  clay  and  hair.  Schlutter  advifes  to  put  the  parting-glaffes  in  copper 
veffels  containing  fome  water,  and  fupported  by  trevets,  with  fire  under  them. 
When  the  heat  communicated  by  the  water  is  too  great,  it  may  be  diminifhed  by 
adding  cold  water,  which  mull  be  done,  very  carefully,  by  pouring  againft  the 
fides  of  the  pan,  to  prevent  too  fudden  an  application  of  cold  to  the  parting- 
glafs.  The  intention  of  this  contrivance  is,  that  the  contents  of  the  glafles,  if 
thefe  fhould  break,  may  be  received  by  the  copper  veffel.  Into  a glafs  fifteen 
inches  high,  and  ten  or  twelve  inches  wide  at  bottom,  placed  in  a copper  pan 
twelve  inches  wide  at  bottom,  fifteen  inches  wide  at  top,  and  ten  inches  high,  he 
ufually  put  about  eighty  ounces  of  metal,  with  twice  as  much  aqua  fortis. 

The  aqua  fortis  ought  to  be  fo  ftrong  as  to  be  capable  of  adling  fenfibly  on  fil- 
ver when  cold,  but  not  fo  flrongas  to  adt  violently. 

If  the  aqua  fortis  be  very  ftrong,  however  pure,  and  if  the  veffels  be  well  clofed, 
a fmall  quantity  of  the  gold  will  bediffolved  along  with  the  filver,  which  is  to  be 
guarded  againft. 

Little  heat  ought  to  be  applied  at  the  beginning,  the  liquor  being  apt  to  fwell, 
and  rife  over  the  veffel;  but  when  the  acid  is  nearly  faturated,  the  heat  may  be 
fafely  increafed. 

When  the  folution  ceafes,  which  may  be  known  by  the  difcontinuance  of  the 
effervefcence,  or  emiflion  of  air- bubbles,  the  liquor  is  to  be  poured  off.  If  any 
grains  appear  entire,  more  aqua  fortis  muft  be  added,  that  all  the  filver  may  be 
diffoived.  If  the  operation  has  been  performed  flowly,  the  remaining  gold  would 
have  ftill  the  form  of  diftind  maffes,  which  are  to  receive  folidity  and  colour  by 
fire,  as  Macquer  direds.  If  the  operation  has  been  performed  haftily,  the  gold 
will  have  the  appearance  of  a black  mud  or  powder,  which  after  five  or  fix  wafh- 
ings  with  pure  water  muft  be  melted. 

The  filver  is  ufually  recovered  by  precipitating  it  from  the  aqua  fortis  by  means 
of  copper  veffels  into  which  the  liquor  is  poured,  or  of  plates  of  copper  which 
are  thrown  along  with  the' liquor  into  glafs  veffels.  A confiderable  heat  is  re- 
quired to  accelerate  this  precipitation.  Dr.  Lewis  fays,  he  has  obferved,  that 
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when  the  aqua  fortis  was  perfedly  faturated  with  filver,  no  precipitation  was  oc- 
eafioned  by  plates  of  copper,  till  a drop  or  two  of  aqua  fortis  was  added  to  the 
liquor,  and  then  the  precipitation  began  and  continued  as  ufual. 

The  precipitated  filver  muft  be  well  wafhed  in  boiling  water,  and  fufed  with 
fome  nitre,  the  ufe  of  which  is,  to  fcorify  any  cupreous  particles,  which  may  ad- 
here to  the  filver. 

From  the  folution  of  copper  in  aqua  fortis,  a blue  pigment,  called  verditer,  is 
obtained  by  precipitation  with  whiting.  See  Verditer. 

PARTING  (CONCENTRATED.)  Concentrated  parting  is  alfo  called 
parting  by  cementation,  becaufe  it  is  actually  performed  by  cementation.  This 
parting  or  purification  of  gold  is  ufed  when  the  quantity  of  it  is  fo  great  in  pro- 
portion to  the  filver,  that  it  cannot  be  feparated  by  aqua  fortis.  This  operation 
is  performed  in  the  following  manner  : 

A cement  is  firft  prepared,  compofed  of  four  parts  of  bricks  powdered  and 
lifted,  of  one  part  of  green  vitriol  calcined  till  it  becomes  red,  and  of  one  part 
of  common  fait.  The  whole  is  very  accurately  mixed  together,  and  a firm  pafte 
is  made  of  it  by  moiftening  it  with  a iittle  water  or  urine.  This  cement  is  called 
cement  royal,  becaufe  it  is  employed  to  purify  gold,  which  is  confidered  by  che- 
mifts  as  the  king  of  metals. 

The  gold  to  be  cemented  is  to  be  reduced  to  plates  as  thin  as  fmall  pieces  of 
money.  At  the  bottom  of  the  crucible,  or  cementing  pot,  a flratum  of  cement,  of 
the  thicknefs  of  a finger,  is  to  be  put,  which  is  covered  with  plates  of  gold  : upon 
thefe  another  ftratum  of  cement  is  to  be  laid;  and  then  more-  plates  of  gold,  till 
the  crucible  or  pot  is  filled  with  thefe  alternate  ftrata  of  cement  and  of  gold.. 
The  whole  is  then  to  be  covered  with  a lid,  which  is  to  be  luted  with  a mixture 
of  clay  and  fand.  This  pot  is  to  be  placed  in  a furnace,  or  oven,  and  heated  by 
'degrees,  till  it  is  moderately  red,  which  heat  is  to  be  continued  during  twenty- 
four  hours.  The  heat  muft  not  be  fb  great  as  to  melt  the  gold.  The  pot  or  cru- 
cible is  then  left  to  cool,  and  the  gold  is  to  be  carefully  feparated  from  the  ce- 
ment, and  boiled  at  different  times  in  a large  quantity  of  pure  water.  This  gold 
is  to  be  effayed  upon  a touch-ftone  or  otherwife;  and  if  it  be  found  not  fufficiently 
purified,  it  is  to  be  cemented  a fecond  time  in  the  fame  manner. 

The  acid  of  the  common  fait  is  difengaged  during  this  cementation,  and  dift 
folves  the  filver  allayed  with  the  goLd,  by  which  means  it  is  feparated. 

This  experiment  proves,  that  although  marine  acid  while  it  is  liquid  cannot 
attack  filver,  it  is  neverthelefs  a poweiful  folvent  of  that  metal.  But,  for  this  pur- 
pofe,  it  muft  be  applied  to  the  filver  in  the  ftate  of  vapours  extremely  concentra- 
ted, and  affifted  with,  a confiderable  heat.  All  thefe  circumftances  are  united  in 
the  concentrated  parting. 

This  experiment  proves  alfo,  that  notwithftanding  all  thefe  circumftances,. 
which  favour  the  adion  of  the  marine  acid,  it  is  incapable  of  diffolving  gold., 
Laftly,  the. marine  acid  in  this  ftate  more  effedually  diffolves  the  filver  than 
the  nitrous  acid  does  in  the  parting  by  aqua  fortis,,  fince  this  operation  fuc- 
ceeds  well  when  the  filver  is  in  fo  ftnall  a proportion  as  that  it  would;  be  proteded' 
from  the  adion  of  the  nitrous  acid  in  the  ordinary  parting. 

Inftead  of  fea  fait,  nitre  may  be  ufed  with  equal  fuccefs;  becaufe  the  nitrous 
acid  is  then  put  in  a ftate  to  attack  the  filver,,  notwithftanding  the  quantity  of 
gold  which  covers  it. 

Several  chemiftsand  artifts  ufe  both  nitre  and  common  fait  in  the  cement  royal; 
which  Ihews  that  the  acid  of  aqua  regia,  if  produced  and  applied  in  this  manner. 
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at  the  fame  time  to  gold  and  filver,  attacks  the  latter  metal  preferably  to  the  former. 
By  this  method  forne  of  the  gold  would  probably  be  difiolved  along  with  the 
filver.  As  no  advantages  are  laid  to  attend  it,  to  give  it  preference  to  cementa- 
tion with  nitre  or  with  fea  fait  fingly,  Dr.  Lewis  judicioufiy  difapproves  of  it. 

The  gold  mull  be  very  carefully  wathed  after  the  operation  to  cleanfe  it  from 
particles  of  dilTolved  fiver,  which  otherwife  would  (lick  to  it. 

The  fiver  may  be  Lparated  from  the  cement  by  fufion  with  a fufficient  quan- 
tity of  lead  and  litharge,  and  by  cupelling  the  lead  which  retains  the  filver. 

Gold  is  never  purified  by  one  operation  of  this  kind.  It  mull  therefore  be 
again  melted,  beat  into  plates,  and  cemented  as  before.  The  operation  is  trouble-' 
fome,  and  is  now  little  ufed,  except  by  artifts  in  the  fmall  way,  for  extraditing  fil- 
ver  or  bafe  metals from  the  furface  of  gold,  and  thus  giving  to  an  alloyed  metal 
the  colour  and  appearance  of  pure  gold. 

PARTING  (DRY).  Dry  parting,  or  parting  by  fufion,  is  performed  by’ 
fulphur,  which  has  the  property  of  uniting  eafily  with  filver,  while  it  does  not  at- 
tack gold. 

This  method  of  feparating  thefe  two  metals  would  be  the  cheapeft,  the  mod 
expeditious  and  convenient  of  any,  if  the  fulphur  could  dilfolve  the  filver,  and 
feparate  it  from  the  gold  as  well  and  as  eafily  as  nitrous  acid  does:  but,  on  the 
contrary,  we  are  obliged  to  employ  particular  treatment,  and  a kind  of  concentra- 
tion, to  begin  the  union  of  the  fulphur  with  the  filver  allayed  with  gold.  Then 
repeated  and  troublefome  fufions  muff  be  made,  in  each  of  which  we  are  obliged 
to  add  different  intermediate  lubftances,  and  particularly  the  metals  which  have 
the  ftrongeft  affinity  with  fulphur,  to  affift  the  precipitation,  which  in  that  cafe 
does  not  give  a regulus  of  pure  gold,  but  a gold  dill  allayed  with  much  filver, 
and  even  with  a part  of  the  precipitating  metals ; fo  that,  to  complete  the  opera- 
tion, cupellation  is  necefiary,  and  alfo  parting  by  aqua  fortis. 

Hence  Macquer  infers,  that  this  operation  ought  not  to  be  made'but  when  the 
quantity  of  filver  with  which  the  gold  is  allayed  is  fo  great,  that  the  quantity  of 
gold  which  might  be  obtained  by  the  ordinary  parting  is  not  fufficient  to  pay  the 
expences,  and  that  it  is  only  proper  for  concentrating  a larger  quantity  of  gold  in 
a fmaller  quantity  of  filver.  As  this  dry  parting  is  troublefome,  and  even  ex- 
penfive,  it  ought  not  to  be  undertaken  but  on  a confiderable  quantity  of  filver  al- 
layed with  gold.  Accordingly,  Cramer,  Schlutter,  Schindler,  and  all  good  che- 
m ids  and  artifts  who  have  given  proceffesfor  the  dry  parting,  recommend  its  ufe 
only  in  the  abovementioned  cafes : it  would  be  much  more  advantageous,  if  it 
could  be  done  by  two  or  three  fufions,  and  if  by  thefe  an  exaifl  feparation  could 
be  obtained  of  a fmall  quantity  of  gold  mixed  with  a large  quantity  of  filver. 

The  moft  advantageous  method  of  feparating  a fmall  portion  of  goId*^from  a 
large  one  of  filver  appears  to  be  by  means  of  fulphur,  which  unites  with  and 
fcorifies  the  filver  without  affe&ing  the  gold  : but  as  fulphurated  filver  does  not 
flow  thin  enough  to  fuffer  the  fmall  particles  of  gold  diffufed  through  it  to  reunite 
and  fettle' at  the  bottom,  fome  addition  is  necefiary  for  colledling  and  carrying 
them  down. 

In  order  to  the  commixture  with  the  fulphur,  fifty  or  fixty  pounds  of  the  mixed 
metal,  or  as  much  as  a large  crucible  will  receive,  are  melted  at  once,  and  reduced 
into  grains  by  lading  out  the  fluid  matter,  with  a fmall  crucible  made  red  hot, 
and  pouring  it  into  cold  water  ftirred  with  a rapid  circular  motion.  From  an 
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eighth  to  a fifth  of  the  granulated  metal,  accordingly  as  it  is  richer  or  poorer  in  gold, 
is  referved  ; and  the  reft  well  mingled  with  an  eighth  of  powdered  fulphur.  The 
grains  enveloped  with  the  fulphur  are  again  put  into  the  crucible,  and  the  fire 
kept  gentle  for  fome  time,  that  the  filver,  before  it  melts,  may  be  thoroughly 
penetrated  by  the  fulphur  : if  the  fire  were  haftily  urged,  great  part  of  the  fulphur 
would  be  diffipated  without  ailing  upon  the  metal. 

If  to  fulphurated  filver  in  fufion  pure  filver  be  added,  the  latter  falls  to  the 
bottom,  and  forms  there  a diftinil  fluid,  not  mifcible  with  the  other.  The  par- 
ticles of  gold,  having  no  affinity  with  the  fulphurated  filver,  join  tbemfelves  to  the 
pure  filver,  wherever  they  come  in  contail  with  it,  and  are  thus  transferred  from 
the  former  into  the  latter,  more  or  lefs  perfectly  according  as  the  pure  filver  was 
more  or  lefs  thoroughly  diffufed  through  the  mixed.  It  is  for  this_ufe  that  a part 
of  the  granulated  metal  was  referved.  The  fulphurated  mafs  being  brought  into 
perfeit  fufion,  -and  kept  melted  for  near  an  hour  in  a clofe  covered  crucible,  one 
third  of  the  referved  grains  is  thrown  in  ; and  as  foon  as  this  is  melted,  the  whole  is 
well  ftirred,  that  the  frefh  filver  may  be  diftributed  through  the  mixed,  to  collect 
the  gold  from  it.  The  ftirring  is  performed  with  a wooden  rod ; an  iron  one 
would  be  corroded  by  the  fulphur-,  foas  to  deprive  the  mixed  of  its  due  quantity 
of  fulphur,  and  likewife  render  the  fubfequent  purification  of  the  filver  more 
troublefome.  The  fufion  being  continued  an  hour  longer,  another  third  of  the 
unfulphurated  grains  is  added,  and  an  hour  after  this  the  remainder  ; after  which 
the  fufion  is  further  continued  for  fome  time,  the  matter  being  ftirred  at  leaft 
every  half  hour  from  the  beginning  to  the  end,  and  the  crucible  kept  clofely 
covered  in  the  intervals. 

The  fulphurated  filver  appears  in  fufion  of  a dark  brown  colour  : after  it  has 
been  kept  melted  for  a certain  time,  a part  of  the  fulphur  having  efcaped  from 
the  top, -the  furface  becomes  white,  and  fome  bright  drops  of  filver,  about  the 
fize  of  peas,  are  perceived  on  it.  When  this  happens,  which  is  commonly  in 
about  three  hours  after  the  laft  addition  of  the  referved  grains,  fooner  or  later 
according  as  the  crucible  has  been  more  or  lefs  clofely  covered,  and  the  matter 
more  or  lefs  ftirred,  the  fire  muft  be  immediately  difcontinued  ; for  otherwife 
more  and  more  of  the  filver,  thus  lofing  its  fulphur,  would  fubfide  and  mingle 
with  the  part  at  the  bottom  in  which  the  gold  is  colletfled.  The  whole  is  poured 
out  into  an  iron  mortar  greafed  and  duly  heated  ; or  if  the  quantity  is  too  large  to 
be  fafely  lifted  at  once,  a part  is  firft  laded  out  from  the  top  with  a finall  crucible, 
and  the  reft  poured  into  the  mortar.  The  gold,  diffufed  at  firft  through  the 
whole  mafs,  is  now  found  collected  into  a part  of  it  at  the  bottom,  amounting 
only  to  about  as  much  as  was  referved  unfulphurated.  This  part  may  be  fepa- 
rated  from  the  fulphurated  filver  above  it  by  a chifel  and  hammer ; or  more 
perfectly,  the  furface  of  the  lower  mafs  being  generally  rugged  and  unequal,  by 
placing  the  whole  mafs  with  its  bottom  upwards  in  a crucible  : the  fulphurated 
part  quickly  melts,  leaving  unmeked  that  which  contains  the  gold,  which  may 
thus  be  completely  feparated  from  the  other.  The  fulphurated  filver  is  effayed, 
by  keeping  a portion  of  it  in  fufion  in  an  open  crucible,  till  the  fulphur  is  difli- 
pated  ; and  then  diffolving  it  in  aqua  fortis.  If  it  fhould  ftill  be  found  to  con- 
tain any  gold,  it  is  to  be  melted  again ; as  much  more  unfulphurated  filver  is  to 
be  added  as  was  employed  in  each  of  the  former  injeiftions,  and  the  fufion  con- 
tinued about  an  hour  and  a half. 

The  gold  thus  collected  into  a part  of  the  filver  may  be  further  concentrated 
into  a Imaller  part,  by  granulating  the  mafs  and  repeating  the  whole-  procefs. 
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The  operation  may  be  again  and  again  repeated,  till'  fo  much  of  the  filver  is 
feparated,  that  the  remainder  may  be  parted  by  aqua  fo-rtis,  without  too  much 
expence. 

The  foregoing  procefs,  according  to  Mr.  Schlutter,  is  practifed  at  Ram- 
ntelfberg,  in  the  lower  Hartz.  The  prevailing  metal  in  the  ore  of  Ramtnelf- 
berg  is  lead  ; the  quantity  of  lead  is  at  moll  forty  pounds  in  a quintal,  or  one 
hundred  pounds  of  the  ore.  The  lead  worked  off  on  a tell  or  concave  hearth 
yields  about  a hundred  and  ten  grains  of  filver,  and  the  filver  contains  only  a 
three  hundred  and  eighty-fourth  part  of  gold  ; yet  this  little  quantity  of  gold,, 
amounting  fcarcely  to  a third  of  a grain  in  a hundred  weight  of  the  ore,  is  thus 
colletffed  with  profit.  The  author  above  mentioned  confines  this  method  of 
feparation  to  fuch  filver  as  is  poor  in  gold,  and  reckons  parting  with  aqua  fortis 
more  advantageous  where  the  gold  amounts  to.  above  a fixty-fourch  of  the  filver  1 
he  advifes  alfo  not  to  attempt  concentrating  the  gold  toa  far,  as  a portion  of  it 
will  always  be  taken  up  again  by  the  filver.  Mr.  Scheffer,  however,  relates 
(in  the  Swedilh  Memoirs  for  the  year  1752),  that  he  has  by  this  method  brought 
the  gold  to  perfect  finenefs  j.  'and  that  he  has  likewife  eollefted  all  the  gold  which 
the  filver  contained  ; the  filver  of  the  laft  operations,  which  had  taken  up  a; 
portion  of  the  gold,  being  referved  to  be  worked  over  again  with  a frefli  quantity 
of  gold  holding  filver.  The  fulphucated  filver  is  purified  by  continuing  it  in 
fufion  for  fome  time  with  a large  furface  expofed  to  the  air  ; thefulphur  gradually 
exhales,  and  leaves  the  filver  entire. 

PARTING  BY  KEIR’s  COMPOUND  ACID.  See  Silver. 

PEARL  ASH.  An  impure  alkali  obtained  by  lixiviation  from  the  allies  of 
plants.  Mr.  Kirwan  * examined-,  the  Dantzic  pearl- alb.  It  is  exceedingly  while, 
and  if  not  expofed  to  the  air  very  hard..  Its  tafte  is  alkaline.  The  contents  of 
various  fpecimens  were  different,  but  at  a medium  he  found  the  pound  troy  to- 
confift  of 
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As  the  examination  of  the  alkalis  of  commerce  muff  be  of  great  utility  to  the 
manufacturer,  but  is  very  tedious  in  the  way  of  folution  and  evaporation,  Mr. 
Kirwan  propofes  a left  by  the  precipitation  ofithe  earth  from  alum  by  folutions 
of  thefe  falts. 

To  difcover  whether  any  quantity  of  fixed  alkali  worth  attention  exifts  in  any 
faline  compound,  diffolve  one  ounce  of  it  in  boiling  water,  and  into  this  folution 
let  fall  a drop  of  the  folution  ofcorrofive  fublimate.  This  will  be  converted  into 
a brick  colour  if  an  alkali  be  prefent,  or  into  a brick  colour  mixed  with  yellow 
if  the  fubftance  contained  lime. 

But  the  fubftances  ufed  by  bleachers  being- always  impregnated  by  an  alkali,, 
ehe  above  trial  is  in  general  fuperfluous,  except  for  the  purpofe  of  detecting 
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lime.  The  quantity  of  alkali  is  therefore  what  they  fhould  chiefly  be  folicitous 
to  determine  : aud  for  this  purpofe, 

1.  Procure  a quantity  of  alum,  fuppofe  one  pound,  reduce  it  to  powder,  wafh  it 
in  cold  water,  and  then  put  it  into  a tea-pot,  pouring  on  it  three  or  four  times  its 
weight  of  boiling  water. 

2. *Weigh  an  ounce  of  the  afh  or  alkaline  fubflance  to  be  tried,  powder  it,  and 
put  it  into  a Florence  flafk  with  one  pound  of  pure  water  (common  water  boiled 
fora  quarter  of  an  hour,  and  afterwards  filtered  through  paper,  will  anfwer)  if  the 
faline  fubflance  to  be  examined  be  of  the  nature  of  barilha  or  pot-afh,  or  half  a 
pound  of  water  if  it  contain  but  little  earthy  matter  or  pearl-afh.  Let  them  boil 
for  a quarter  of  an  hour;  when  cool,  let  the  folution  be  filtered  into  another 
Florence  flafk. 

3.  This  being  done,  gradually  pour  this  folution  of  alum  hot  into  the  alkaline 
folution  alfo  heated.  A precipitation  will  immediately  appear.  Shake  them 
well  together,  and  let  the  effervefcence,  if  any,  ceafe  before  more  of  the  aluminous 
folution  be  added.  Continue  the  addition  of  the  alum  until  the  mixed  liquor, 
when  clear,  turns  fyrup  of  violets,  or  paper  tinged  blue  by  radifhes  or  by  litruus, 
red.  Then  pour  the  liquor  and  precipitate  on  a paper  filtre  placed  in  a glafs 
funnel,  and  the  precipitated  earth  will  remain  on  the  filtre.  Pour  on  this  a pound 
or  more  ofhot  water  gradually,  until  it  becomes  taftelefs.  Take  up  the  filtre  acid, 
and  let  the  earth  dry  in  it  until  they  feparate  ealily.  Then  put  the  earth  into  a 
cup  of  Staffordflfire  ware,  place  it  on  hot  fand,  and  dry  the  earth  until  it  no  longer 
adheres  either  to  glafs  or  iron  ; then  reduce  it  to  powder  in  the  cup  with  the  glafs 
peftle,  and  keep  it  a quarter  of  an  hour  in  a heat  from  470°  to  500°. 

4.  The  earth  being  thus  dried,  throw  it  into  a Florence  flafk,  and  weigh  it ; then 
put  about  an  ounce  of  fpirit  of  fait  into  another  flafk,  and  place  this  in  the  fame 
fcale  as  the  earth,  and  counterbalance  both  in  the  oppofite  fcale  : this  being  done, 
pour  the  fpirit  of  fait  gradually  into  the  flafk  that  contains  the  earth  ; and  when 
all  effervefcence  is  over  (if  there  be  any)  blow  into  the  flafk,  and  obferve  what 
weight  mud  be  added  to  the  fcale  containing  the  flafks  to  reftore  the  equilibrium  ; 
fubtradl  this  weight  from  that  of  the  earth,  the  remainder  is  a weight  exactly  pro- 
portioned to  the  weight  of  mere  alkali  of  that  particular  fpecies  which  is  contained 
in  one  ounce  of  the  fubflance  examined  ; all  befide  is  fuperfluous  matter. 

Kirwan  remarks  that  alkalies  of  the  fame  fpecies  may  thus  be  diredlly  com- 
pared, becaufe  alkalies  of  different  fpecies  cannot  but  require  the  intervention  of 
another  proportion;  and  the  reafon  he  gives  is,  becaufe  equal  quantities  of 
alkalies  of  different  fpecies  precipitate  unequal  quantities  of  earth  of  alum. 
Thus  100  parts  by  weight  of  mere  vegetable  alkali  precipitate  78  of  earth  of 
alum  ; but  100  parts  of  mineral  alkali  precipitate  170,8  parts  of  that  earth.  There- 
fore the  precipitation  of  78  parts  of  earth  of  alum  by  vegetable  alkali,  denotes  as 
much  of  this  as  the  precipitation  of  170,8  of  that  earth  by  the  mineral  alkali 
denotes  of  the  mineral  alkali.  Hence  the  quantities  of  alkali  in  all  the  different 
fpecies  of  pot-aflies,  pearl-afhes,  weed  or  wood-afhes,  may  be  immediately  com- 
pared by.  the  above  teft,  as  they  all  contain  tl?e  vegetable  alkali ; and  the  different 
kinds  of  kelp  or  kelps  manufactured  in  different  places,  and  the  different  forts  of 
barilha,  may  be  thus  compared,  becaufe  they  all  contain  the  mineral  alkali ; but 
kelps  and  pot-ifhes,  as  they  contain  different  forts  of  alkali,  can  only  be  com- 
pared together  by  means  of  the  proportion  above  indicated.  * 

The  application  of  this  teft  is  founded  on  the  following  principles : 

1.  That  a hot  folution  of  a free  alkali,  or  of  an  alkali  combined  only  with 
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fixed  air  or  fulphur,  can  hold  no  terrene  or  metallico-neutral  fait  in  folution ; though 
it  may  alkaline-neutral  fait  or  quicklime,  if  the  alkali  be  free  from  fixed  air. 

2.  That  earth  of  alum  cannot  be  precipicated  either  totally  or  partially  by  the 
hot  folutions  of  any  alkalino-neutral  falts,  and  therefore  that  its  precipitation  is 
always  due  to  the  prefence  of  a free  alkali,  or  at  lead  of  an  alkali  combined  only 
with  fixed  air  or  fulphur,  to  whofe  quantity  it  is  always  proportional.  It  is*  true, 
quick-lime  will  alfo  decompofe  alum;  but  the  prefence  of  quick-lime  is  eafily  dif- 
covered  by  the  addition  of  a few  drops  of  any  mild  alkaline  folution,  and  by  the 
fame  means  as  eafily  feparated. 

3.  That  if  the  earth  of  alum  takes  up  fixed  air  (which  would  increafe  its 
weight'',  this  air  will  be  feparated  by  the  heat  employed  in  drying  it,  or  at  lead 
by  the  fpirit  of  fait  poured  upon  it. 

Kirwan  fays,,  he  can  fee  but  one  inaccuracy  attending  this  teft,  and  that  of 
little  moment ; it  is  this,  if  the  alkali  contains  fulphur,  this  will  alfo  be  precipi- 
tated with  the  earth  of  alum,  and  increafe  its  weight.  The  limits  of  this  inac- 
curacy, at  lead  in  common  cafes,  fcarcely  reach  two  or  three  grains,  as  we  ihall 
prefently  find. 

Sulphur  is  eafily  detefted  in  any  alkaline  folution,  by  faturating  it  with  an 
acid ; hepatic  air  is  generally  developed,  and  the  liquor  becomes  troubled. 

Not  only  the  proportion,  but  alfo  the  abfolute  weight  of  alkali  in  different 
alkaline  l'ubdances  or  allies,  may  be  found  by  this  ted.  Attention  mud  be  paid  to 
the  nature  of  the  alkali,  and  the  quantity  of  earth;  a determinate  portion  will  throw 
down,  which  mud  be  afeertained  as  to  the  fird  by  experiment,  and  as  to  the  latter 
by  fundamental  trials. 

PEARLS.  From  the  beauty,  ludre  and  fcarcity  of  this  animal  produft,  it 
has  obtained  a place  among  precious  dones,  though  it  poffeffes  none  of  their 
bardnefs.  It  is  a calculus  or  morbid  concretion  produced  in  a certain  fliell -fifh 
of  the  oyder  kind,  and  fometimes  in  common  oyders  and  mufcles.  It  isfo  me- 
times  found  upon  the  infide  of  the  fliell,  and  fometimes  in  the  body  of  the 
animal. 

The  mother  of  pearl  fifh,  or  pearl  oyder,  is  an  inhabitant  of  the  bottom  of 
the  fea,  where  it  remains  fixed,  and  is  not  to  be  had  but  by  diving.  A number 
of  fmall  (hips  is  generally  engaged  together  in  this  dangerous  bufinefs,  on  fuch 
particular  fpots  as  have  been  found  to  be  rich  in  the  pearl  fifli,  and  at  certain 
leafons  of  the  year.  The  divers,  according  to  Neumann,  are  let  down  by  ropes, 
and  immediately  drawn  up  again  upon  their  pulling  a bell  as  a fignal  for  that 
purpofe.  Machines  have  been  contrived  for  enabling  divers  to  remain  fome  time 
at  the  bottom,  with  a fupply  of  air,  beneath  a large  veflel  called  the  diving-bell, 
or  by  means  of  tubes;  but  it  does  not  appear  that  they  have  been  received  into 
ufe  in  the  pearl  fifliery.  Suffocation  is  not,  however,  the  only  danger  to  which 
the  divers  are  expofed.  They  are  fubjed  to  ruptures  of  fome  of  the  veffels, 
from  the  vad  preffure  of  the  water  at  great  depths,  and  to  be  wounded  or  de- 
voured by  fillies  of  prey,  which  fome  of  the  rich  beds  of  pearl  fifli  are  fo  much 
infeded  with,,  that  fcarcely  any  one  can  venture  down  at  all. 

After  the  pearl  oyders  are  thus  got  up,  there  dill  remains  a procefs  not  a little 
prejudicial  to  the  health,  and  extremely  offenfive.  If  the  fliells  were  opened 
diredly  by  any  violent  means,,  the  pearl,  laid  to  be  at  this  time  in  a fomewhat 
foftdate,  would  be  liable  to  be  injured,  and  become  of  little  value.  The  whole 
are  therefore  laid  in  heaps  till  the  fhells  open  ipontaneoufly,  and  the  fifli  pu- 
trefies : after  which,  the  corrupted  cadaverous  matter  is  fearched  diligently  for 
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the  pearls,  which  are  often  too  few  to  pay  the  expence  of  the  proprietory  much, 
lefs  to  make  any  recompenfe  to  the  workmen  for  a fervice  fo  loathfome  and  fo 
hazardous. 

Pearls  are  generally  divided  into  oriental  and  occidental,  more  from  their  qua- 
lities than  the  place  of  produce,  the  oriental  being  reckoned  the  heft,  as  for  the 
moft  part  they  are.  The  principal  oriental  pearl  fifheries  are  in  the  Perfian  Gulpli, 
and  on  the  coafts  of  Perfia  and  Arabia  ; near  the  iflands  of  Ceylon,  Manaar,  Su- 
matra, Java,  and  Borneo  ; on  fome  of  the  coafts  of  Japan  ; between  Banana  and 
Cochin  ; off  Cape  Comorin,  and  in  other  parts  along  the  Malabar  coaft,  as  par- 
ticularly at  Tutticorin,  where  there  is  an  excellent  pearl  bank  in  poffeffiqn  of  the 
Dutch.  The  moft  remarkable  pearl  fifheries  of  America  are  in  the  gulph  of 
Mexico,  along  the  coaft  of  New  Spain  ; off  St  Margarite  or  the  Pearl  Ifland; 
in  the  Rio  de  la  Hacha,  at  the  iflands  of  St.  Martha,  Quibo,  Gorgonia,  &c. 
In  Europe,  pearls  are  occafionally  found  on  the  coafts  of  Scotland,  Livonia, 
Courland,  in  the  riVer  Ilts  in  Bohemia,  in  the  Regen  in  Bavaria,  in  certain  lakes 
near  Augfberg,  and  in  various  other  places. 

There  are  pearls  of  various  colours,  figures  and  magnitudes,  of  an  exquifite 
filver-like  brightnefs,  femi-tranfparent,  opake,  opal-coloured,  yellow,  greenifh, 
blueifh,,  grayifh,  reddifh,  brownifh,  blackifh,  rainbow-coloured;  round,  oval, 
conical,  cylindrical,  angular;  from  the  fize  of  a millet-feed  or  lefs,  to  that  of  a 
hazel  nut  or  more.  It  is  obfervable,  that  the  larger  ones  approach  generally  to 
the  figure  of  a pear.  The  large  ft  pearl  hitherto  known  is  deferibed  by  Taver- 
nier, in  the  pofleftion  of  the  king  of  Perfia.  L was  bought  by  him  at  the  fifhery 
of  Catifa  in  Arabia,  for  the  fum  of  32,000  tomans,  or  above  no,oool.  fterling. 
It  is  in  the  fliape  of  a pear,  very  regular,  and  without  fault.  The  diameter, 
meafured  on  the  engraving  in  Tavernier’s  Travels,  is  0.63  Englifh  inch  at  the 
largeft  part,  and  the  length  1.3  inch.  Another  pearl,  belonging  to  the  Great 
Mogul,  and  perfectly  round,  mentioned  by  the  fame  author  as  the  largeft  in  the 
world  of  that  figure,  meafures  0.62  Englifh  inch  in  diameter.  Neumann  mentions, 
a pearl  he  faw  in  the  Englifh  crown,  faid  to  be  fvorth  io,ocol.  fterling. 

Pearls  are  valded  for  their  roundnels,  their  fize,  and  their  water,  that  is,  their 
luftre  and  purity.  Their  weight  is  eftimated  in.  Europe  by  carats,  in  Perfia  by 
abas’s,  and  in  Golconda  and  Vifapour  by  ratis,  each  abas  and  rati  being  one 
eighth  pari  lefs  than  a carat.  The  weight  of  fmall  pearls  is  expedirioufly  afeer- 
tained,  by  a brafs  inftrument  with  holes  of  different  fizes;  fo  that  the  weight  of 
a pearl  is  known  from  the  hole  it  fits.  Small  irregular  pearls  are  valued  from 
the  number  that  make  up  an  ounce.  Neumann  gives  the  following  rates: 
If  an  hundred  makes  an  ounce,  they  are  valued  at  one  hundred  rix-dollars; 
if  the  number  be  lefs,  the  price  is  greater  ; if  the  number  be  greater,  the  price 
is  lefs.  Two  hundred  to  the  ounce  coft  but  feventy  rix  dollars ; three  hundred, 
fifty;  nine  hundred,  ten;  two  thuufand,  three;  four,  thoufand,  two  and  a half. 
Of  the  very  fmall  fort,  called  feed  pearls,  ufed  in  medicine,  an  ounce  ufually 
contains  eight  or  ten  thoufand,  and  cofts,  if  the  pearls  are  of  the  orient-;'  kind,, 
two  rix-dollars ; if  occidental,  one  rix-doilar  ana  twelve  gros.  The  rix.  dollar 
is  four  fhillings  and  fix- pence,  and  the  gros  about  two-pence. 

Attempts  have  been  made  to  rake  out  ftams  from  pearls,  and  to  render  the 
foul  opake-coloured  pearls  equal  in  beauty  to  the  oriental.  Abundance  of  pro- 
ceffes  not  to  be  depended  on  are  found  in  books  (f  receipts  and  tr  vei$. 
Pearls  may  be  cleaned  from  external  foulnefs  by  wafhing  with-a  little  Venice 
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foap  and  warm  water,  or  ground  rice  and  fait,  with  {larch  and  powder  blue,  with 
plafter  of  Paris,  with  white  coral,  with  white  vitriol  and  tartar,  with  cuttle 
bone,  pumice  {lone,  and  other  fimilar  fubftances.  But  it  is  not  practicable  to* 
take  out  a {lain  which  reaches  deep  into  the  fubftance  of  the  pearl.  Nor  can  a 
number  of  fmall  pearls  be  united,  as  fome  pretend,  into  a mafs  fimilar  to  an  en- 
tire natural  one. 

Succefsful  attempts  have  neverthelefs  been  made  to  form  artificial  compofitions, 
fo  greatly  refembling  natural  pearls,  as  not  to  be  diftinguifhed  from  natural 
pearls,  except  in  their  magnitude  and  apparent  perfection.  Reaumur  has  given 
a memoir  on  this  fubjeCl  in  thofe  of  the  French  Academy  for  1716.  The  ingre- 
dient for  giving  the  colour  is  a fine  filver-like  fubftance  found  upon  the  under- 
fide  of  the  fcales  of  the  blay  or  bleak-fifh.  The  fcales  taken  off  in  the  ufual 
.manner,  are  wafhed  and  rubbed  with  frefh  parcels  of  clean  water,  and  the  feveral 
liquors  allowed  to  fettle,,  The  water  being  then  poured  off,  the  pearly  matter 
remains  at  the  bottom  of  the  confiftence  of  oil,  called  by  the  French  ejfsnce  d’ orient . 
A little  of  this  is  dropped  into  a hollow  bead  of  blueifh  glafs,  and  thaken  about 
To  as  to  line  the  internal  fur-face ; after  which,  the  cavity  is  filled  with  wax  to  give 
folidity  and  weight. 

I do  not  know  of  any  modern  analyfis  of  pearls.  Neumann  found,  that 
neither  water  nor  ardent  fpirit  acts  upon  its  powder;  The  mineral  acids  diffolve 
it,  and  from  the  vitriolic  acid  there  feparates  a cryftalline  matter.  Cauftic  alkali, 
whether  volatile  or  fixed,  did  not  a£t  upon  it;  but,  which  is  ftrange,  the  plain 
alkaline  ley,  or,  as  1 take  it,  folution  of  mild  alkali,  corroded  a little  of  the 
pearl  into  a flaky  fubftance.  Four  drams  of  pearl  diftilled  in  a glafs  retort  with 
an  open  fire  gradually  increafed,  gave  over  14  grains  of  an  empyreumatic  alkaline 
fluid,  with  fome  veftiges  of  empyreumatic  oil  in  the  neck  of  the  retort.  The  fixed 
refidue  was  of  an  afli  gray  colour,  and  weighed  three  drams  two  fcruples  fix 
grains.  This  being  farther  calcined  in  an  open  veflfel,  then  elixated  with  water, 
filtred,  and  evaporated,  afforded  five  grains  of  a fixed  fait,  which  appeared  of  a 
fine  white  colour,  had  a warm  and  not  very  faline  tafte,  effervefced  with  vitriolic 
acid,  and  during  the  effervefcence  difcharged  a little  marine  acid  in  vapour. 

From  thefe  experiments,  1 conclude,  that  the  pearl  confifts  of  much  phofpho- 
rated  lime,  of  which  the  phofphoric  acid  was  difengaged  by  the  treatment  with 
vitriolic  acid,  and  the  lime  formed  felenite;  fome  animal  mucilage,  which  afforded 
the  volatile  alkali  and  oil  in  diftillation  ; and  a fmall  portion  of  foda  and  marine 
fait  found  in  the  refidue. 

PEAT.  Geanthrax.  Kirwan  remarks,  that  there  are  two  fubftances  called 
day  this  name.  The  firft  is  of  a brown,  yellowifh-brown,  or  black  colour,  found 
in  moorifh  grounds  in  Scotland,  Holland,  Germany,  and  elfewhere.  When 
newly  cut  it  has  a vifcid  confidence,  but  hardens  by  expofure  to  the  air.  It 
.confifts  of  clay  mixed  with  calcareous  earth  and  pyrites,  and  fornetimes  contains 
common  fait.  While  foft  it  is  formed  into  oblong  pieces  for  fuel,  after  reparation 
of  the  pyrites  and  ftones.  By  diftillation  it  affords  water  and  oil,  and  volatile 
..alkali,  and  a fmall  proportion  of  fixed  alkali  is  found  in  its  allies,  which  are 
either  white  or  red  according  as  they  contain  more  or  lefs  ochre  ©r  pyrites. 

The  fecond  kind  is  found  near  Newbury  in  Berkftnre.  It  contains  but  little 
.earth,  but  chiefly  confifts  of  wood,  branches,  twigs,  roots  of  trees,  with  leaves, 
.graft,  draw,  and  weeds. 

The  fubftance  called  flone  turf  in  England,  appears  to  be  of  the  nature  of 
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peat.  It  is  Toft  in  the  earth,  but  foon  afterwards  hardens.  From  long  expofure  to 
the  air  it  becomes  pulverulent.  Magellan  informs  us,  that  this  pit  tuif  is  advantage- 
oufly  ufed  by  Mr.  Wilkinfon,  in  his  large  fmelting  furnace  for  iron  in  Lancalhire. 

PECH  BLENDE,  or  PITCH  BeENDE.  The  celebrated  profeffor  Klap- 
roth has  detedled  a new  metallic  fubftance  in  the  mineral  ufually  diftinguilhed 
by  the  name  of  pech-blende,  -or  pitch  blende,  and  ranged  among  the  ores  of 
zinc.  As  it  is  not  reducible  but  with  the  moft  extreme  difficulty,  and  then  only 
into  minute  grains,  it  appears  of  little  confequence  to  enter  into  any  formal  de- 
fcription  of  its  metallic  ftate : for  which  reafon,  I (hall  here  follow  the  order  of 
the  profeUbr’s-analyfis*. 

The  pitch-blende,  or  ore  of  uranite,  is  found  in  maffes,  or  elfe  ftratified  with 
other  earths  or  minerals,  in  the  Swe  iifh  and  Saxon  mines.  It  confifts  of  two  va- 
rieties : the  firft  in  mafles  of  a blaekifli  colour,  inclining  to  a deep  fteel  gray,  of 
little  brilliancy;  its  frafture  is  unequal,  and  concave  in  the  fmalleft  parts.  It  is 
perfectly  opake,  confiderably  hard,  and  becomes  convertible  into  a black  pow- 
der by  trituration.  Its  mean  fpeci lie  gravity  is  about  7.5.  The  fecond  variety 
i-s  ufually  found  in  ftrata,  and  is  diftinguilhed  from  the  former  by  a deeper  black 
colour  intermixed  with  fpots  of  red;  its  colour  is  more  fhining,  and  approaches 
that  of  coal;  it  is  lefs  hard,  and,  when  pulverized,  it  has  a greenilh  tinge. 

This  mineral  fuffers  no  change  before  the  blow-pipe.  With  mineral  alkali  it 
affords  a fporigy,  femi-opake,  gray  globule.  With  microeofmic  fait  it  melts, 
and  affords  a green  tranfparent  globule;  and  in  both  there  are  fometimes  feen 
fmall  globules  of  reduced  lead.  When  the  mineral  is  treated  alone,  in  a proper 
veffel,  it  gives  out  fulphureous  acid  and  fulphur,  with  lofs  of  weight ; but  if  it 
be  afterwards  kept  ignited  for  a confiderable  time  beneath  a muffle,  it  gains  fame 
weight;  by  calcination: 

The  vitriolic  acid  affs  very  imperfe&ly  upon  pitch-blende;  but  nitrous  acid 
completely  decompofes  it,  holding  moft  part  in  folution,  while  a fmall  proportion 
of  fulphur,  and  fome  filiceous  earth,  fall  down.  * Marine  acid  adts  but  imper- 
fectly upon  it;  but  aqua  regia  diffolves  it,  as  well  as  the  pure  nitrous  acid. 
This  folution,  after  it  had  depofited  a fmall  quantity  of  corneous  lead,  afforded 
large  tranfparent  cryftals  by  repofe  in  the  cold, 'which  were  of  a faint  yellowifh- 
green  colour,  and  of  a figure  not  eafy  to  be  afeertained. 

It  was  remarkable,  that  this  fubftance  was  not  precipitable  from  its  folvents- 
either  by  iron  or  zinc  ; but  volatile  liver  of  fulphur  threw  down  a brownifh-yellow 
precipitate.  Nut-galls  did  not  precipitate  any  thing,  unlefs  the  fuperabundant 
acid  were  neutralized  by  an  alkali;  and  in  this -cafe,  the  precipitate  by  galls  was 
of  a chocolate  brown. 

A dillindtive  criterion  of  this  metallic  fubftance  was,  its  brownifh-red  colour 
when  feparated  by  Pruffian  alkali ; a circumftance  indeed  common  alfo  to  cop- 
per : but  this  laft  metal  falls  down  in  flocks,  whereas  the  former  is  uniformly  fe- 
parated through  the  whole  fluid-  Volatile  alkali  ufually  precipitates  it  of  a yellow 
colour,  - more. or  lefs  obicure,  according  to  the  purity  of  the  mineral,  or  of  the 
alkali.  The  two  fixed  alkalis,  when  pure,  precipitate  it  completely  in  the  form 
of  a lemon-coloured  calx.  Mild  alkalis  afford  a paler  calx.. 

The  yellow  precipitate  is  very  foluble  in  acids,  and  affords  cryftals  by  . combi- 
nation with  the  vitriolic  and  acetous  acids.  Phofphoric  acid  affords  yellowifli 
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irregular  flocks,  fparingly  foluble  in  water.  Alkalis  do  not  dilTolve  the  yellow 
matter  either  in  the  dry  or  humid  way. 

Various  attempts  were  made  by  the  difcoverer  to  revive  it  to  the  reguline 
Hate.  He  triturated  it  with  linfeed  oil  to  the  confiftence  Of  a pafte,-  burned  the 
oil  in  a roafting  tell,  then  placed  the  remaining  black  powder  in  a crucible  lined 
with  charcoal,  and  well  covered,  and  expofed  it  to  a violent  heat;  which  ope- 
rated a reduftion  of  manganefe  in  another  crucible,  but'  produced  no  other 
change  in  the  calx  of  uranite  than  to  render  it  foluble  in  nitrous  acid,  with  effer- 
vefcence,  heat,  and  efcape  of  nitrous  air.  This  altered  calx  was  then  put  into 
an  aflayer’s  teft,  covered  with  borax,  and  mixed  with  charcoal,  and  the  lid  luted 
on.  The  heat  of  a porcelain  furnace  reduced  it  into  a coherent  mafs,  confiding 
of  very  fmall  metallic  globules  agglutinated  together. 

PELICAN.  A pelican  is  a glafs  alembic  conflfting  of  one  piece.  It  has  a 
tubulated  capital,  from  which  two  oppofite  and  crooked  beaks  pafs  out,  and  enter 
again  at  the  belly  of  the  cucurbit.  This  veflel  has  been  contrived  for  a continued 
diflillation  and  cohobation,  which  chemifts  call  circulation.  The  volatile  parts  of 
fubftances  put  into  this  veflel  rife  into  the  capital,  and  are  obliged  to  return 
through  the  crooked  beaks  into  the  cucurbit;  and  this  without  interruption,  or 
luting  or  unluting  the  veflel  s. 

Although  the  pelican  feems  to  be  a very  convenient  inftrurnent,  it  is  neverthe- 
lefs  little  ufed,  and  even  much  negledted  at  prefent,  either  becaufe  the  modern  che- 
mifts have  not  fo  much  patience  as  the  ancient  chemifts  had,  for  making  long 
experiments  ; or  becaufe  they  find  that  two  matrafles,  the  mouth  of  one  of  which 
is  inferted  into  the  mouth  of  the  other,  produce  the  fame  effedt. 

PELLICLE.  By  this  word  chemifts  mean  a very  thin  faline  cruft,  which-  is 
formed  upon  the  furfaces  of  folutions  of  falts,  when  they  are  evaporated  to  a certain 
degree.  This  pellicle  is  nothing  elfe  than  a number  of  faline  particles  cryftallized 
by  evaporation  at  the  furface  of  the  liquor,  rather  than  any  where  elfe,  becaufe 
the  evaporation  is  made  there.  Thefe  fmall  cryftals  of  fait  at  firft  cover  the  fur- 
face  of  the  liquor,  and  give  it  a dufky  appearance,  as  if  it  were  covered  with  duft, 
or  with  a very  thin  fkin,  from  which  appearance  the  name  of  pellicle  has  been 
given. 

As  all  cryftallizable  falts  may  be  cryftallized  by  evaporation  alone,  in  the 
folution,  therefore,  of  any  of  thefe  falts  a pellicle  may  be  formed ; and  alfo,  as 
all  folutions  of  falts,  evaporated  till  a pellicle  is  formed,  furnifh  cryftals  by  ex- 
pofing  the  liquor  to  cold,  chemifts  have  eftablifhed  a general  rule  for  c’ryftalliza- 
tion,  to  evaporate  folutions  of  falts  till  a pellicle  is  formed,  and  then  to  leave 
them  to  cryftallize  by  expofure  to  cold. 

This  rule  is  applicable  to  many  falts,  but  is  not  general ; for  fome  falts,  as 
common  fait,  do  not  cryftallize  by  expofure  to  cold,  although  the  folution  of 
them  has  been  previoufly  evaporated  till  a pellicle  has  been  formed  : while  other 
falts,  as  nitre  and  Glauber’s  fait,  may  be  cryftallized  in  great  quantities, 
although  their  folutions  have  not  been  evaporated  fo  much  as  that  a pellicle  has 
been  formed.  Hence,  to  cryftallize  fuch  falts  as  common  fait,  the  evaporation 
muft  be  continued  after  the  pellicle  has  been  formed  ; and  to  obtain  fine  cryftals 
of  nitre,  Glauber’s  fair,  and  others  which  cryftallize  in  a fmilar  manner,  the 
evaporation  muft  not  be  continued  till  a pellicle  is  formed,  but  their  folutions 
muft  be  left  to  cool  flowly  before  it  has  been  fo  much  evaporated.  See  Crys- 
tallization. 


PENNY- 


PEN 


PEP 


( 633  ) 

PENNY-WEIGHTS,  are  fi&itious  parts  into  which  we  fuppofeany  mafs  of 
filver  to  be  divided,  to  fpecify  its  degree  of  purity. 

Any  mafs  of  filver,  the  purity  of  which  is  to  be  examined,  is  fuppofed  to  con- 
lift  of  twelve  equal  parts  called  penny-weights  ; and  if  the  filver  be  perfe&ly  fine, 
and  contain  no  allay,  then  the  twelve  parts  of  the  mafs  are  all  of  pure  filver,  and 
this  filver  is  faid  to  be  filver  of  twelve  penny-weights.  If  the  mafs  of  filver 
contain  a twelfth  part  of  allay,  it  will  then  contain  only  eleven  parts  of  pure  filver, 
and  it  will  be  called  filver  of  eleven  penny-weights. 

To  exprefs  more  precifely  the  value  of  filver,  each  penny- weight  is  fubdivided 
into  twenty-four  grains. 

A penny-weight  in  England  is  alfo  a real  weight  ufed  in  the  weighing  of 
metals.  It  is  equal  to  twenty-four  real  grains,  and  is  the  twentieth  part  of  an 
ounce  troy. 

PEPPER.  The  black  pepper  of  the  Eaft-Indies  contains  an  efiential  oil, 
which  has  a ftrong  and  durable  fme'll,  and  a tafte  the  mildeft  of  all  efiential  oils. 
This  oil  is  partly  elevated  in  diftillation  by  r.edlified  fpirit  of  wine.,  which  thereby 
acquires  the  flavour  but  none  of  the  pungency  of  the  pepper.  The  fpirituous 
extrafl  is  exceflively  fiery.  The  watery  extract  is  alfo  very  hot  and  biting. 
Neither  this  menfiruum  nor  the  fpirit  can,  fingly,  extract  all  the  hot  matter  of 
the  pepper. 

Sixteen  ounces  of  black  pepper  yielded  with  water  ten  ounces  of  gummy  ex- 
trad,  and  afterwards  with  redified  fpirit  three  drams  of  refin;  another  pound, 
treated  firft  with  fpirit,  gave  two  ounces  and  two  drams  of  refinous  extrad  ; 
afterwards  with  water,  feven  ounces  four  drams  and  two  fcruples  of  gummy 
matter.  This  laft  extrad  had  ftill  fome  degree  of  pungency,  redified  fpirit 
feeming  not  to  take  up  all  the  adive  parts  any  more  than  water.  Of  efiential 
oil,  about  two  drams  and  a half  may  be  obtained  from  a pound. 

White  pepper  has  the  fame  kind  of  tafte  and  flavour  as  the  black,  but  in  a 
much  lefs  degree.  It  agrees  alfo  with  the  black  in  the  nature  of  its  chemical 
principles  ; and  is,  in  effed,  the  fame,  kind  of  fruit,  • gathered  before  it  is  grown 
fully  riper  and  freed  from  the  outer  fkin.  Neumann. 

PEPPER  (JAMAICA),  PIMENTO,  or  ALL-SPICE.  The  pimento 
trees  grow  fpontaneoufly,  and  in  great  abundance,  in  many  parts  of  Jamaica,  but 
more  particularly  on  hilly  fituations  near  the  fea,  on  the  northern  fide  of  that 
ifiand. 

This  tree  isfo  entirely  the  child  of  nature,  that  not  one  attempt  in  fifty  to  pro- 
pagate the  young  plants,  or  to  raife  them  from  the  feeds,  in  parts  of  the  country 
where  it  is  not  found  growing  fpontaneoufly,  have  fucceeded.  The  ufual 
method  of  forming  a new  pimento  plantation,  which  in  Jamaica  is  called  a walk, 
confifts  in  appropriating  a piece  of  wood  land,  in  the  neighbourhood  of  a planta- 
tion already  exifting,  or  in  a country  where  the  fcattered  trees  are  found  in  a 
.native  ftate,  the  woods  of  which  being  fallen,  the  trees  are  fuffered  to  remain  on 
the  ground. till  they  become  rotten  and  perifli.  Tn  about  a year  after  the  firft 
feafon,  abundance  of  young  pimento  plants  will  be  found  growing  vigoroufly 
in  all  parts  of  the  land,  which  are  doubtiefs  produced  from  ripe  berries  fcattered 
there  by  the  birds.  At  the  end  of  two  years  it  will  be  proper  to  cleanfe  the  land 
thoroughly,  leaving  fuch  only  of  the  pimento  trees  as  have  a good  appearance. 
Thefe  will  then  foon  form  groves,  which  perhaps  do  not  require  much  attention 
after  the  firft  four  or  five  years. 

It  does  not  appear  that  in  all  the  vegetable  creation  there  is  a tree  of  greater 
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beauty  than  a young  pimento.  The  trunk,  which  is  of  a gray  colour,  fmooth; 
and  fhining,  and  entirely  free  from  bark,  rifes  to  the  height  of  fifteen  or  twenty 
feet.  It  then  branches  out  on  all  fides,  richly  clothed  with  leaves  of  a deep  green, 
which,  in  the  months  of  July  and  Auguft,  are  beautifully  relieved  by  an  exube- 
rance of  white  flowers.  Thefe  leaves  are  equally  fragrant  with  the  fruit ; and,  in 
diftillation,  yield  an  odoriferous  oil,  which,  Edwards  informs  us,  is  very  com- 
monly ufed  in  the  medicinal  difpenfaries  of  Europe  for  oil  of  cloves. 

The  berries  become  fit  for  gathering  foon  after  the  trees  are  in  bloflom  ; for 
the  fruit  is  not  fuffered  to  ripen  on  the  tree,  becaufe  the  pulp  in  that  ftate  is 
difficult  to  cure.  It  is,  however,  impofiible  to  prevent  fome  of  the  ripe  berries 
from  mixing  with  the  reft;  but  if  the  proportion  of  them  be  great,  the  price  of 
the  commodity  is  confiderably  injured. 

It  is  gathered  by  the  hand  ; and  one  labourer,  on  the  tree,  employed  in  gather- 
ing the  fmall  branches,  will  give  employment  to  three  below  (who  are  generally 
women  and  children)  in  picking  the  berries.  An  induftrious  picker  likey/ife  will 
fill  a bag  of  701b.  in  the  day.  It  is  then  fpread  on  a terrace,  and  ex^ofed  to  the 
fun  for  about  feven  days  ; in  the  courfe  of  which  it  lofes  its  green  colour,  and 
becomes  of  a reddifli  brown,  and  when  perfectly  dry  it  is  fit  for  market.. 

In  a favourable  feafon,  a Angle  pimento  tree  has  been  known  to  yield  i5olbs. 
of  the  raw  fruit,  or  one  cwt.  of  the  dried  fpice  : for  there  is  generally  a lofs  of 
one-third  in  curing.  A plenteous  crop,  however,  occurs  perhaps  but  once  in, 
five  years ; and  the  price  in  the  Britifh  market  fluctuates  accordingly.  Its  average 
for  fome  years  pad  may  be  put  at  iod.  the  pound,  including  the  duty,  which, 
is  3d. 

This,  though  certainly  a much  greater  price  than  the  commodity  bore  in 
former  years,  gives  fo  little  profit  to  the  owner,  compared  with  that  of  fome 
other  productions,  that  the  growth  of  pimentodecreafes  every  year,  many  beau- 
tiful walks  being  daily  cut  down,  and  the  land  appropriated  to  the  cultivation  of 
fugar.  Its  annual  export  from  Jamaica  (the  only  one  of  the  Britifh  colonies  that 
produces  pimento)  is  about  6000  bags  of  x i2lbs.  eacln 

Neumann  fays,  that  pimento  appears  from  a chemical  examination  to  contain  : 
1.  An  indifloluble  earth,  exceeding  in  quantity  all  the  other  principles  taken 
together,  and  amounting  to  five  drams  and  a fcruple  in  an  ounce.  2.  Gummy 
or  mucilaginous  matter,  which  is  the  ingredient  next  in  quantity.  An  ounce 
treated  with  water  at  firft  gave  two  drams  and  two  grains  of  gummy  extraCt  ^ and 
another  ounce,  freed  by  rectified  fpirit  from  all  that  the  menftruum  could  diflblve, 
yielded  ftill  with  water  five  fcruples  of  mucilage.  3.  A refinous  fubftance  in 
fmaller  quantity.  The  refinous  extraCt  obtained  by  applying  rectified  fpirit  at 
firft,  amounted  to  only  one  dram  and  fix  grains  from  an  ounce  ; an  ounce  freed 
from  its  mucilaginous  matter  by  coCtion  in  water,  yielded  of  pure  refin  no  more 
than  one  fcruple.  4.  An  eflential  oil  in  ftill  fmaller  quantity  : of  this  principle 
an  ounce  of  pepper  contains  fcarcely  half  a dram. 

Upon  examining  the  qualities  of  the  feveral  products,  it  appeared,  that  the 
oil  is  the  principal  and  charaCteriftic  part,  containing  all  the  fmell  and  the  aro- 
matic flavour,  though  not  the  pungency  of  the  berry.  As.  the  prevailing  flavour 
of  pimento  approaches  that  of;  cloves,  the  oil  alfo  greatly  refembles  the  genuine 
oil  of  cloves.  It  has  the  fame  kind  of  fmell  and  taite,  difcovers  no  great  heat  or 
pungency,  and  is  fo  heavy  as  to  fink  in  water  ; to  which  may  be  added,,  that  the. 
oil  of  pimento,  like  that  of  cloves,  refides  chiefly  in  the  fliell,  or  cortical  part, 
the  internal  fubftance  yielding,  little  or  none.  2.  That  the  heat  and  pungency 
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are  lodged  in  the  refin.  In  this  refpedtalfo  pimento  agrees  with  doves;  but  as 
pimento  in  fubftance  is  far  lefs  hot  and  fiery  than  doves,  its  refin  is  alfo  more 
mild.  3.  That  the  gummy  parts  have  very  little  activity. 

Rectified  fpirit  of  wine  elevates  nothing  from  this  fpice  in  distillation,  the  oil 
of  pimento  being  too  ponderous  to  rife  with  fo  light  a fluid.  The  only  way  of 
making  a fpirit  from  it  is  to  diflolve  forne  of  the  oil  in  pure  fpirit  of  wine.  An 
agreeable  fpirituous  water  may  be  made  with  proof  fpirit,  the  watery  phlegm  in 
that  liquor  carrying  up  a part  of  the  oil. 

PERIDOT.  The  Chrysolite,  which  fee. 

PERIGORD  STONE.  An  ore  of  manganefe,  black,  heavy,  of  a glittering 
appearance  when  broke,  and  in  the  whole  refembling  a flag  from  a fmith’s  forge. 

PERUVIAN  BARK.  The  cinchona  officinalis  Lin.  which  furnifhes  this 
bark,  is  generally  about  fifteen  feet  higl)  and  fix  inches  thick,  fomewhat  refembles 
our  cherry-tree,  grows  promifcuoufly  in  forefts,  particularly  in  the  hilly  parts  of 
Quito  in  Peru,  and  is  fpontaneoufly  propagated  from  its  feeds. 

The  bark  has  fome  odour,  to  moft  people  not  unpleafant ; and  very  perceptible 
in  the  diftilled  water,  in  which  floating  globules,  like  efiential  oil,  have  been 
obferved.  Its  tafte  is  bitter  and  aftringent,  accompanied  with  a degree  of  pun- 
gency, and  leaving  a confiderable  lafting  impreffion  on  the  tongue. 

Two  fpecies  are  mentioned,  viz.  the  coloured  and  the  white.  The  coloured 
includes  the  pale,  the  red,  the  yellow,  and  the  knotty  ; their  bark  being  coloured, 
having  the  cinchona  tafte  and  fmell,  and  the  trees  having  very  fmooth  leaves 
and  purplifh  flowers.  The  white  includes  four  varieties,  their  bark  being  of  a- 
whitifli  colour,  with  very  little  tafte  or  fmell : the  trees  have  broad  hairy  leaves, 
and  very  fragrant  flowers  with  hairs  on  the  infide. 

The  proper  red  bark  and  one  of  the  white  kind  have  been  found  in  the  pro- 
vince of  Santa  Fe. 

. The  cinchona  Caribbzea  Lin.  cinchona Jamaicenfis,  Phil.Tranf.  vol.  Ixxvii.p.  1 1. 
is  called  the  fea-fide  beech  in  Jamaica,  and  grows  from  20  to  40  feet  high.  The 
white,  furrowed,  thick  outer  bark  is  not  ufed;  'the  dark-brown  inner  bark  has 
the  common  flavour,  with  a mixed  kind  of  tafte,  at  firft  of  horfe-radilh  and 
ginger,  becoming  at  laft  bitter  and  aftringent.  Il  feems  to  give  more  extractive 
matter  than  the  cinchona  officinalis.  Some  of  it  was  imported  from  St.  Lucia, 
in  confequence  of  its  having  been  ufed  with  advantage  in  the  army  and  navy  dur- 
ing the  laft  war.  The  frelh  bark  is  found  to  be  coniiderably  emetic  and  cathar- 
tic, which  properties  it  is  faid  to  lofe  on  drying. 

The  pale  and  the  red  are  chiefly  in  ufe".  The  pale  is  brought  to  us  in  pieces 
of  different  fizes,  either  flat  or  quilled,  and  the  powder  is  rather  paler  than  that 
of  cinnamon.  The  red  is  generally  in  much  larger,  thicker,  flattifh  pieces,  but 
fometimes  alfo  in  form  of  quills,  and  its  powder  is  reddilh,  like  that  of  Armenian 
bole.  It  is  much  more  refinous,  and  poflefies  the  fenfible  qualities  of  the  cin- 
chona in  a much  higher  degree  than  the  other  forts;  and  the  more  nearly  thefe 
refemble  the  red  bark,  the  better  they  are  now  confidered.  The  red  bark  is  heavy, 
firm^  found,  and  dry;  friable  betwixt  the  teeth;  does  not  feparate  into  fibres, 
and  breaks,  not  fhivery,  but  Ihort,  clofe,  and  fmooth.  It  has  three  layers: 
the  outer  is  thin,  rugged,  of  a reddifh- brown  colour,  but  frequently  covered 
with  mofly  matter : the  middle  is  thicker,  more  compact,  darker  coloured,  very 
refinous,  brittle,  and  yields  firft  to  the  peftle:  the  inmoft  is  more  woody,  fibrous, 
and  of  a brighter  red. 
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The  Peruvian  bark  yields  Its  virtues  both  to  cold  and  boiling  water;  but  the 
decoftion  is  thicker,  gives  out  its  tafte  more  readily,  and  forms  an  ink  with  a 
chalybeate  more  fuddenly  than  the  frefli  cold  infufion.  This  infufion  however 
contains  at  lead  as  much  extractive  matter,  but  more  in  a (late  of  folution;  and 
its  colour,  on  {landing  fome  time  with  the  chalybeate,  becomes  darker,  while  that 
of  the  decoftion  becomes  more  faint.  When  they  are  of  a certain  age,  the  ad- 
dition of  a chalybeate  renders  them  green  ; and  when  this  is  the  cafe,  they  are 
found  to  be  in  a (late  of  fermentation,  and  effete.  Mild  or  cauftic  alkalis  or  lime 
precipitate  the  extractive  matter,  which  in  the  cafe  of  the  cauftic  alkali  is  re-dif- 
falved  by  a farther  addition  of  the  alkali.  Lime-water  precipitates  lefs  from  a frefh 
infufion  than  from  a frefh  decoftion  ; and  in  the  precipitate  of  this  laft,  fome  mild 
earth  is  perceptible.  The  infufion  is  by  age  reduced  to  the  fame  date  with  the 
frefli  decoCtion ; and  then  they  depofit  nearly  an  equal  quantity  of  mild  earth 
and  extractive  matter;  fo  that  lime-water,  as  well  as  a chalybeate,  may  be  ufed 
as  a teft  of  the  relative  ftrength  and  perifliable  nature  of  the  different  preparations,, 
and  of  different  barks.  Accordingly  cold  infufions  are  found  by  experiments  to 
be  lefs  perifliable  than  decoCtions;  infufions  and  decoCtions  of  the  red  bark,  than 
thofe  of  the  pale  ; thofe  of  the  red  bark,  however,  are  found  by  length-  of  time- 
to  feparate  more  mild  earth  with  the  lime-water,  and  more  extrafted  matter.. 
Lime-water,  as  precipitating  the  extraCled  matter,  appears  an  equally  improper 
and  difagreeable  menftruum. 

PETRIFACTIONS.  Stony  matters  depofited  either  in  the  way  of  incruf- 
tation,  or  within  the  cavities  of  organized  fubflances,  are  called  petrifaClions,. 
Calcareous  earth  being  univerfally  diffufed  and  capable  of  folution  in  water,  either 
alone,  or  by  the  medium  of  fixed  air  or  vitriolic  acid,  which  are  likewife  very- 
abundant,  is  depofited  whenever  the  water  or  the  acid  becomes  diffipated.  In 
this  way  we  have  incruflations  of  limerflone  or  of  felenite  in  the  form  of  ftalafti- 
tes  or  drop-ftones  from  the  roofs  of  caverns  and  in  various  other  fituations.  This 
fimple  principleof  chemical  depofition,  operating  under  different  circumftances, 
will  account  for  a great  number  of  firiking  appearances  obferved  in  the  bowels  of 
the  earth.  In  our  final!  and  hafly  experiments*,  a fpeedy  and  copious  folution  of 
matter;  is  required,  and  we  do  not  fcruple  to  declare  that  fubftance  infoluble- 
which  requires  one  or  two  thoufand  times  its  weight  of  a fluid  to  diffolve  and  fuf- 
pend  it.  But  in  the  extenfive  and  long  continued  operations  of  nature,  a much 
lefs  folubility  will  be  fufficient  to  produce  very  marked  effefts.  Hence,  we  may 
without  difficulty  account  for  the  filiceous  llalaftites,  mentioned  by  Chaptal, 
as  well  as  the  cryflallifed  depofitions  of  metallic  bodies  by  us  taken  to  be  in- 
fallible. 

Syftematical  writers  more  particularly  confine-  the  term  peti  ifaftion  to  fuch  or- 
ganic fubflances  as  have  been  converted  into  ftone,  or  have  affumed  the  nature  of 
a foffil.  Much  labour  and  erudition  have  been  employed  in  giving  denomina- 
tions from  the  Greek  to  thefe,  according  to  their  apparent  origin,  it  is  perhaps 
difficult  to  fhew  the  utility  of  fuch  extended  catalogues.  At  all  events  lefs  will 
fuffice  the  chemift. 

The  moft  remarkable  obfervations  relative  to  petrifaftions  are  thus  given  by 
Kirwan  : 

1 ft.  That  thofe  of  fliells  are  found  on  or  near  the  furface  of  the  earth;  thofe 
of  fifli  deeper,  and  thofe  of  wooddeepeft.  Shell-sin  fpecie  are  found  in  immenfe 
quantities  at  confiderable  depths. 
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2dly.  That  thofe  organic  fubftances  that  refift  putrefaction  mod,  are  fre- 
quently found  petrified  : fuch  as  (hells  and  the  harder  fpecies  of  woods ; on  the 
contrary,  thofe  that  are  apteft  to  putrefy  are  rarely  found  petrified,  as  fifti,  and 
the  fofter  parts  of  animals,  &c. 

3dly.  That  they  are  moft  commonly  found  in  ftrata  of  marl,  chalk,  lime- 
done;  or  clay.,  feldom  in  fand-done,  (hill  more  rarely  in  gypfum,  but  never  in 
gneifs,  granite,  bafaltes,  or  fhoerl ; but  they. fometimes  occur  among  pyrites,  and 
ores  of  iron,  copper,  and  filver,  and  almod  always  confid  of  that  fpecies  of 
earth,  (lone,  or  other  mineral  that  furrounds  them,  fometimes  of  filex,  agate, 
or  carnelian. 

4thly.  That  they  are  found  in  climates  where  their  originals  could  not  have 
exided- 

£thly.  That  thofe  found  in  (late  or  clay  are  comprefled  and  flattened. 

The  arrangement  of  petrifa<5lions  by  Crondedt  is  made  under  four  heads, 
earthy,  faline,  inflammable,  and  metallic. 

Calcareous  petrifactions  are:  1.  Chalk  in  the  form  of  vegetables  or  animals, 
-either  loofe  or  friable,  or  2.  Filled  with  folid  lime-done. 

Siliceous  petrifactions  are  of  the  nature  of  flint  or  agate.  Carnelians  have 
been  found  in  the  form  of  fhells,  at  the  river  Tomm  in  Siberia;  agate  in  the 
form  of  wood;  corraloids  (millepora)  of  white  flint;  and  wood  of  yellow  flint. 

This  lad  is  the  produce  of  Italy,  Adrianople,  and  Loughneagh  a lake  in  Ire- 
land. It  is  ufed  to  fharpen  razors. 

Argillaceous  petrifactions  have  been-  obferved  in  the  form  of  the  roots  of  trees. 
The  odeocolla  is  of  this  kind. 

Saline  petrifactions  are  extraneous  bodies  penetrated  by  mineral  falts.  Human 
bodies  have  been  twice  found  in  the  mine  at  Falun  in  Dalarne.  The  lad  was 
kept  feveral  years  in  a glafs  cafe,  but  began  at  length  to  moulder  and  fall  to 
pieces.  The  turf  and  roots  of  trees,  which  are  found  in  water  ftrongly  impreg- 
nated with  vitriol,  are  confiderably  changed  in  their  nature.  They  do  not  burn 
with  a flame,  but  only  like  a coal  in  a firong  fire,  neither  do  they  decay  in  the 
air. 

Extraneous  bodies  penetrated  by»  mineral  inflammable  matter  appear  to  be 
of  the  nature  of  pit- coal.  Of  this  kind  is- jet.  See  that  article.  Vegetables  are 

found  penetrated  with  afphaltum  in  a date  of  lefs  prefervation  than  jet.  The 
compound  of  fulphur  and  iron,  or  martial  pyrites,  is  likewife  the  agent  of  petri- 
factions. Of  thefe  Crondedt- mentions  human,  bivalves,  univalves,  and  in- 
feCts,  but  gives  no  particulars  of  their  hidory. 

Metallic  petrifactions  are:  1.  Of  filver,  either  native'on  the  furfaces  of  (hells 
in  England,  or  mineralized  with  copper  and  fulphur  in  the  fahlertz  or  gray 
filver  ore,  in  form  of  ears  of  corn,  &c.  and  fuppofed  to  be  vegetables.  Thefe 
are  found  in  argillaceous  (late  at  Frankenburg,  and  Tahlitteran  in  Hefle.  2.  Of 
copper,  which  is  either  in  the  form  of  calx,  or  mineralized.  The  calx  of  cop- 
per is  depofited  in  the  parts  of  animals.  The  turquoife-done,  fee  page  560,  is 
fuppofed  to  be  ivory,  or  ether  bones  of  animals,  which  have  undergone  this 
change.  Mineralized  copper,  or  the  cupreous  pyrites,  penetrates  fhells,  and  is 
alfo  found  in  the  form  of  fi(K  in  various  parts  of  Germany. 

The  ferruginous  petrifactions  likewife  confid  of  iron,  either  in  the  form  of  a 
calx,  which  has  aflumed  the  place  or  fhape  of  extraneous  bodies  (this  confids 
chiefly  of  vegetables  in  the  form  of  ochre  or  hematites) ; or  clfe  the  martial  py- 
rites, which  has  operated  as  the  agent  of  petrifaction, 
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PETROLEUM.  Petrol,  Bergoel,  Steinoel.  Dodor  Prieftley  has  (hewn  in 
the  third  volume  of  his  Obfervations  and  Experiments  on  Air,  that  eflential  oils, 
long  expofed  to  the  atmofphere,  abforb  not  only  the  pure  part,  but  alfo  the  phlo- 
gifticated  part  of  it ; an  abforption,  which  muft  in  time  produce  confiderable 
changes  in  them.  By  a procefs  of  this  fort  naphtha  is  converted  into  petrol,  which 
is  an  oil  of  various  degrees  of  denfity,  according  to  the  time  during  which  it  has 
been  expofed  to  the  atmofphere  ; its  colour  is  reddifh,  or  yellow,  brown,  greenifh, 
or  blackifh ; it  is  found  trickling  from  rocks,  or  iffuing  from  the  earth  in  the 
Duchy  of  Modena,  and  in  various  parts  of  France,  Swiflerland,  Germany,  and 
Scotland,  as  well  as  in  Alia  ; alfo  on  the  furface  of  the  water  of  different 
fountains,  or  mixed  with  earth  or  fand,  from  which  it  is  feparated  by  infufion  in 
water ; the  thinned:  fort  poftefles  the  properties  of  naphtha,  though  in  a leffer 
degree.  It  is  rendered  finer  by  diftillation  with  water,  and  leaves  a refinous 
•refiduum,  and  if  diddled  with  a volatile  alkali,  the  alkali  acquires  the  properties 
of  fuccinated  ammoniac  : and  hence  contains  the  acid  of  amber.  Some  forts  ofit, 
according  to  Monnet,  are  nearly  of  the  denfity  of  nut  oil.  It  is  infoluble  in  fpirit 
of  wine.  Kirwan. 

Mr.  Fabronhof  Florence  has  difcovered  that  petroleum  redified  feveral  times 
is  a good  folvent  of  the  elaftic  refin,  and  does  not  at  all  change  its  properties. 

PETUNTSE.  See Porcel ai n,  alfo  Kaolin. 

PEWTER,  which  is  commonly  called  etain  in  France,  and  generally  con- 
founded there  with  true  tin,  is  a compound  metal,  whofe  bafis  is  tin.  The  beft 
fort  confifts  of  tin  allayed  with  about  a twentieth,  or  lefs,  of  copper  or  other 
metallic  bodies,  as  the  experience  of  the  workmen  has  fhewn  to  be  the  moft  con- 
ducive to  the  improvement  of  its  hardnefs  and  colour,  fuch  as  lead,  zinc,  bifmuth, 
and  the  metallic  or  reguline  part  of  antimony.  There  are  three  forts  of  pewter, 
diftinguifhed  by  the  names  of  plate,  trifle,  and  ley-pewter.  The  firft  is  ufed  for 
plates  and  difhes  ; the  fecond  for  the  pints,  quarts,  and  other  meafures  of  beer; 
and  the  ley-pewter  is  ufed  for  wine  meafures  and  large  veffels. 

The  bell  fort  of  pewter  confifts  of  17  parts  of  regulus  of  antimony  to  100 
parts  of  tin  ; but  the  French  add  a little  copper  to  this  kind  of  tin.  A very 
fine  filver-looking  metal  is  compofed  of  100  pounds  of  tin,  eight  of  regulus  of 
antimony,  one  of  bifmuth,  and  four  of  copper.  On  the  contrary,  the  ley-pewter, 
by  comparing  its  fpecific  gravity  with  thofe  of  the  mixtures  of  tin  and  lead, 
muft  contain  more  than  a fifth  part  of  its  weight  of  lead.  This  quantity  of  lead 
is  far  too  much,  confidering  fome  of  the  ufes  this  fort  of  pewter  is  applied  to; 
for  acid  wines  will  readily  corrode  the  lead  of  the  flagons,  in  which  they  are 
meafured,  into  fugar  of  dead  ; which  being  taken  internally,  is  produdive  of 
various  chronic  difieafes,  as  the  colica  pidonum,  pafties,  ftupors  in  the  limbs,  &c.. 

Foreigners  generally  aflerr,  that  Englifli  tin  is  always  a mixed  metal  when 
exported  abroad  : and  the  French  encyclopedifts  in  particular  (article  Etain) 
inform  us,  on  the  authority  of  M.  Rouelle,  that  the  Englifli  tin,  when  caft  into 
moulds  of  fix  inches  in  thicknefs,  and  cooled,  if  it  be  divided  into  three 
layers,  the  uppermoft  has  three  pounds  of  copper  on  the  100  of  tin  : the  fecond 
layer  has  five  pounds  of  lead  to  the  fame  quantity  of  tin  ; and  the  lowed  layer 
has  nine  of  lead  to  the  100  of  tin.  Geoffroy  had  formerly  given  a fimilar  ac- 
count of  the  Englifli  tin,  with  fome  variety  in  the  dofes.  But  there  never  was  any 
other  foundation  for  fuch  an  aflertion,  than  that  pewter  has  been  miftaken  for 
tin  abroad  : and  in  fad,  all  pewter  difhes,  and  all  other  pewter-pieces  are  called 
jby  the  name  of  tin  ware  all  over  Europe,  except  in  England.  Nor  could  there 
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ever  be  any  advantageous  motive  to  hinder  the  export  of  pure  tin  from  England, 
where  it  is  found  in  a greater  abundance  than  any  where  elfe.  Befides  the  above, 
neither  Borlafe,  nor  Pryce,  who  wrote  fo  minutely  on  the  method  of  preparing 
tin  in  Cornwall,  mentions  any  operation  or  mixtures  this  metal  undergoes  or  re- 
ceives, before  or  after  it  is  call  in  theflabs,  blocks,  or  pieces  of  tin,  in  which  fize 
and  form  it  is  fold,  and  fent  to  every  market  in  Europe  ; fo  that  the  whole  mult 
be  a miftake  in  terms,  as  already  mentioned,  by  taking  pewter  Amply  for  tin. 

PHLEGM.  Chemifts  have  given  the  name  phlegm  to  the  mod  watery  part 
obtained  from  bodies  by  didillation  or  otherwife.  It  is  now  little  ufed. 

Phlegm  is  frequently  water  mixed  fuperabundantly,  and  not  combined  in 
the  bodies. from  which  it  is  obtained.  Such  are  the  phlegms  obtained  by  dif- 
tillation with  the  heat  of  a water-bath,  from  all  thofe  vegetable  and  animal 
matters  which  contain  no  principle  fo  volatile  as  to  rife  with  a lefs  heat  than 
that  of  boiling  water.  Thefe  phlegms,  which  are  produced  merely  by  drying, 
are  nothing  but  water  almoft  pure,  that  is,  the  water  of  vegetation  : but  a phlegm 
confiding  of  water  which  had  been  combined  in  any  body,  as  for  indance,  the 
phlegm  obtained  in  the  didillation  of  oils,  is  far  from  being  pure  water.  It  is 
dill  mixed  and  even  united  with  a fenfible  quantity  of  the  principles  of  the  body,, 
and  requires  further  operations,  and  chiefly  the  aflidance  of  intermediate  fub- 
dances,  to  feparate  it  perfectly. 

Neither  is  that  phlegm  pure  water,  which,  though  it  is  fuperabundant,  yet  ad- 
heres to  certain  fubdances,  efpecially  to  thofe  that  are  volatile.  Such  are  liquid 
volatile  alkalis,  and  mod  alkalis.  By  didillation  we  may  feparate  a confiderable 
quantity  of  their  phlegm  or  fuperabundant  water,  which  operation  is  called  de- 
phlegmation  : but  this  phlegm  contains  always  a certain  quantity  of  the  faline 
matters  with  which  it  was  originally  mixed. 

Hence  we  may  fee  that  the  word  phlegm  fignifies  in  general  the  mod  watery 
part  feparated  from  feveral  bodies,  but  that  is  rarely  pure  water ; and  that  phlegms 
differ  from  each  other  according  to  the  nature  of  the  fubdances  from  which  they 
are  obtained. 

PHLOGISTON.  The  whole  of  phyfical  fcience  confids  in  the  arrangement  or 
elaflification  of  faffs.  Invedigation  or  analyfis  in  chemidry  is  employed  merely 
in  difcovering  general  refults  under  which  particular  fads  may  be  arranged,  or  to 
which  they  may  be  referred,  notwithflanding  the  obfcurity  or  difguife  prpduced 
by  individual  circumdances,  not  eflential  to  the  phenomenon  under  invedigation.. 
Thus  we  may  remark  in  the  confiderably  Ample  motions  of  the  heavenly  bodies, 
that  the  moon  revolves  round  the  earth  ; but  the  fituation  of  our  planet  renders 
the  revolutions  of  the  other  planets  round  the.  fun  lefs  obvious.  Invedigation 
from  optical  principles,  however,  proved  this  to  be  the  cafe,  and  it  became  a con- 
fiderable advance  in  adronomy,  that  the  motions  of  all  the  planets  could  be 
arranged  under  the  fad;  of  the  moon’s  revolution  confidered  as  a general  refult. 
In  this  date  of  knowledge  it  became  an  objed  of  refe^rch  to  ascertain  what  ge- 
neral fad  thefe  motions  might  be  referred  to.  Des  Cartes  referred  them  to  the  mo- 
tion of  a floating  body  carried  round  by  a vortex  or  whirling  current  of  water.  It 
was  afterwards  afcertained  from  the  more  general  fads  of  bodies  in  motion,  that 
the  revolutions  of  the  planets  and  thofe  of  floating  bodies  are  by  no  means  of  the 
fame  kind.  Newton  * was  accidentally  led  to  confider  the  path  of  bodies  pro- 
jeded  near  the  furface  of  the  earth  ; and  he  found  by  accurate  examination,  that 

* See  Voltaire’s  Elements  of  the  Newtonian  Philofophy, 
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the  moon  is  a prqjedile  kept  from  falling  by  a force  impreffed  on  it,  in  the  fame 
manner  as  a done  is  made  to  defcribe  a curve  through  the  air,  which  lad  only 
wants  a fufficient  impulfe  to  carry  it  round  the  earth  in  an  orbit.  Here  then  we  fee 
a general  fad  of  another  and  more  remote  kind.  Copernicus  generalized  the  ce. 
ledial  motions,  by  merely  referring  them  to  the  moon’s  motion.  Newton  gene- 
ralized them  dill  more,  by  referring  this  lad  to  the  motion  of  a done  through  the 
air.  And  yet  farther,  this  motion  of  the  done  was  fliewn  to  be  referable  to  two  fim- 
ple  faffs,  namely,  the  uniform  motion  of  a body  aded  on  by  a pad  impulfe,  and 
the  accelerated  motion  of  a body  condantly  aided  upon  by  gravitation,  or  the 
caufe  of  weight.  Thus  far  Adronomers  have  proceeded  in  this  department  of 
fcience,  and  at  this  point  they  are  at  a dand  ; becaufe  no  fads  more  fimple  have 
yet  been  remarked,  under  which  the  communication  of  motion  either  by  impulfe 
or  gravitation  can  be  claffed. 

From  this  familiar  elucidation  of  the  progrefs  of  adronomical  fcience,  which 
is  very  fimple,  it  may  eafily  be  feen  how  great  the  probability  is,  that  error  may 
arilefrom  clafllng  faffs  under  others  of  a different  nature,  and  that  when  a com- 
bination of  truth  and  falfehood  is  exhibited,  as  the  means  of  explaining  natural 
phenomena,  the  former  may  be  made  to  fupport  and  maintain  the  latter,  as  was 
the  cafe  with  the  fydem  of  Copernicus  united  with  the  vortices  of  Des  Cartes. 
It  may  alfo  be  remarked,  that  the  falfe  ref  tilts,  which  from  time  to  time  are  in- 
corporated with  the  materials  of  any  branch  of  philofophy,  owe  their  edablidi- 
ment  to  fuperficial  views,  and  the  apparent  or  partial  refemblance  which  feduces 
the  cultivators  of  infant  fcience  : and  that  they  generally  maintain  their  ground 
until  fome  very  confiderable  addition  is  made  to  the  general  mafs  of  information. 

Without  pretending  to  enter  the  wide  field  of  chemical  hidory,  we  may  in  a 
few  words  obferve,  that,  from  the  nature  of  things,  the  fird  chemical  operations 
mtid  have  confided  in  the  effeffs  of  heat  applied  to  bodies  in  the  operations  of 
cookery,  of  pottery,  and  of  mine  works,  which  accordingly  have  exided,  at 
lead,  as  early  as  hidory  itfelf.  The  operations  in  the  humid  way  with  faline  fub- 
ftarices  appear  to  have  been  of  much  later  date.  And  thole  upon  bodies  in  the 
aeriform  date  are  dill  more  modern.  Thefe  three  claffes  of  operations  compre- 
hend the  whole  of  chemidry,  and  would  naturally  lead  us  to  confider  the  fubjed 
of  phlogidon,  as  it  is  fuppofed  to  exhibit  itfelf  in  the  dry,  the  humid,  and  the 
aeriform  proceffes  : but  thefe  proceffes  are  fo  frequently  combined  together, 
that  it  is  fcarcely  poffible  to  treat  of  them  feparately. 

When  bodies  are  heated  to  fuch  a degree  as  to  emit  light,  there  are  fome  which 
if  left  to  themfelves  in  the  open  air  become  cold  again  without  any  perceptible 
change  in  their  properties;  and  there  are  others  which  retain  their  ignition,  and 
even  become  hotter  until  an  entire  decompofition  of  the  whole  fubdancehas  taken 
place.  This  procefs  is  well  known  by  the  name  cf  combudion  or  burning,  and 
the  didindion  of  bodies  into  combudible  and  incombudible  is  one  of  the  mod 
driking  and  didind  of  .any  we  are  acquainted  with.  That  a combudible  body 
mud  have  fomething  in  its  properties  or  component  parts  not  to  be  found  in  an 
incombudible  body  is  evident.  But  it  is  not  always  eafy  to  didinguifh  the  exid- 
ence  of  a property  from  that  of  a component  part.  For  any  tiling  we  know  on 
this  obfcure  fubjed,  two  bodies  may  agree  in  certain  properties  and  differ  in 
others;  whence  it  may  follow,  that  bodies  may  agree  in  the  property  of  combuf- 
tihility,  and  yet  poffefs  no  common  principle  or  component  part.  It  was  never- 
thelefs  a habit  of  reafoning,  much  indulged  in  the  middle  ages,  to  refer  effeds 
rather  to  didind  fubftancgs  than  to  habitudes  or  properties.  The  ancient 
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chemifts  did  not  therefore  fo  much  endeavour  to  explain  combuftibility  as  a pro- 
perty, as  to  afcertain  what  might  be  the  principle  of  combuftibility  in  bodies. 
They  looked  round  for  general  faCts.  Their  attention  became  fixed  on  fuch 
bodies  as  are  the  moft  eminently  combuftible.  They  fuppofed  thefe  bodies  to 
exift  in  various  proportions  in  other  bodies  capable  of  being  burned.  In  this 
way  the  fcience  of  chemiftry  came  to  be  filled  with  accounts  of  the  oils  and 
fulphurs  of  bodies.  But  as  it  was  not  found  practicable  to  exhibit  thefe  oils  or 
fulphurs,  a diftinCtion  was  confequently  made  between  the  grofs  oils  and  fulphurs, - 
and  the  more  fubtle  or  philofophical  matters  of  the  fame  denomination,  which 
were  fuppofed  to  give  inflammability  to  bodies.  As  this  refinement  was  carried 
farther,  the  denominations  themfelves  were  difmifled  ; and  by  the  perfpicuous 
modifications  of  Becher  and  Stahl,  a common  principle  of  inflammability, 
identical,  and  always  fimilar  to  itfelf,  capable  of  being  extricated  from  bodies, 
and  transferrable  from  one  body  to  another  in  certain  circumftances,  was  univer- 
fally  admitted  by  chemifts  under  the  denomination  of  phlogifton.  The  nature 
of  the  phlogifton  was  to  be  inveftigated  from  the  faCts.  1 he  moft  ftriking  faft 
is,  that  the  temperature  of  bodies,  becomes  raifed  in  thofe  circumftances  where 
the  phlogifton  is  faid  to  be  extricated.  The  phlogifton  was  therefore  confidered 
to  be  elementary  fire,  exifting  as  one  of  the  principles  of  combuftible  bodies, 
deprived  of  its  moft  eminent  property  while  in  this  ftate  of  combination,  but 
exhibiting  all  its  diftinCtive  attributes  at  the  inftant  of  difengagement. 

The  doCtrine  of  heat,  though  of  fuch  extenfive  importance  in  almoft  every 
natural  change,  continued  long  in  an  unimproved  ftate,  becaufe  the  faCts  are  in 
general  fimple,  and  not  eafily  analyfed  and  referred  to  fads  ftill  Ampler.  Yet 
the  moderns  in  their  reflections  on  this  fubjeCt  could  not  but  perceive  that  the 
temperature  of  bodies,  and  confequently  the  matter  of  heat,  if  fuch  a thing  ex- 
ifts,  diftributes  itfelf  with  a fort  of  equality,  as  well  through  incombuftible  as 
combuftible  bodies.  While  the  various  capacities  of  bodies  were  unknown,  the 
difpofition  of  heat  to  enter  into  all  bodies  muft  have  appeared  to  be  abfolutely 
equal.  Ic  was  not  eafy  to  reconcile  this  with  Stahl’s  doCtrine  of  phlogifton  or 
fixed  fire.  Again,  this  doCtrine  overlooks  the  neceffity  of  refpirable  air  in  the 
procefs  of  combuftion.  The  modern  chemifts  were  obliged  to  make  confiderable 
alterations,  and  thofe  who  ma-intained  the  phlogifton  are  at  prefent  returned  to 
the  old  doCtrine  of  fulphur  and  oils,  though  in  more  general  terms.  With  them 
the  phlogifton  is  not  fixed  fire,  but  fome  identical  fubftance,  the  property  of 
which  is  to  be  combuftible,  viz.  to  unite  with  refpirable  air,  when. at  a certain 
temperature,  and  to  produce,  extricate,  or  develop  heat.  But  what  this  fub- 
ftance may  be  is  matter  of  difcuffion.  For  a time  it  was  fuppofed,  according  to 
the  hypothefis  of  Kirwan,  to  be  inflammable  air  in  a combined  ftate.  But  it  has 
not  been  poffible  to  extricate  inflammable  air  from  the  metals,  excepting  when 
water  was  prefent,  of  which  this  air  is  taken  to  be  a component  part.  This  doc- 
trine is  little  infilled  upon  at  prefent,  and  as  far  as  authority  may  be  confidered 
of  any  value,  it  is  deftitute  ; lor  Kirwan  has  abandoned  the  phlogifton  altogether. 

Since  the  doClrine  of  phlogifton  is  tacitly  eftablilhed  upon  the  pofition  that  a 
common  principle  of  combuftibility  is  neceflary  for  the  explanation  of  the  faCts; 
and  as  this  pofition  is  aflumed  but  not  proved,  we  fhall  gain  another  different 
view  of  the  fubjeCt  by  rejecting  it,  and  fubftituting  the  property  of  rapidly  com- 
bining with  refpirable  air.  This  is  fimply  the  doCtrine  of  the  modern,  or  anti- 
phlogiftian  chemifts.  There  is  no  inconfiitency  in  affirming,  that  bodies  may  be 
ftrongly  difpofed  to  inflammability,  and  yet  differ  in  every  other  property.  Let 
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us  then  fay,  they  reject  as  mere  fuppofition,  the  notion  that  they  do  agree  in  any 
other  refped  than  fuch  as  may  be  indicated  by  pofitive  fads.  The  fads  of  com- 
bullion  are  fimply,  that  refpirable  air  is  abforbed  and  enters  into  combination, 
while  heat  is  given  out.  Eladic  fluids  are  known  to  contain  more  heat  in  that 
date  than  when  condenfed.  Much  heat  mud  therefore  arife  from  the  condenfa- 
tion  of  the  vital  air.  It  does  not  neceffarily  follow,  that  any  heat  came  from 
the  combuflible  body,  or  at  lead  not  more  than  might  have  been  extricated  under 
an  equal  change  of  circumdances  from  an  incombudible  body.  Whence  it  fol- 
lows, that  the  fimple  explanation  of  combudion  from  the  fads  is,  that  the  com- 
budible  frody  has  a drong  attradion  for  vital  air,  at  a certain  temperature,  that 
it  has  attraded  this  fluid,  with  the  production  of  heat  during  the  combination, 
and  that  its  properties  are  changed.  See  Heat. 

In  two  theories,  which  differ  fo  widely  -as  that  the  one  fubtrads  where  the  other 
adds,  it  mud  be  a material,  though  not  a decifive,  point  to  afcertain  whether  the 
body  under  confideration  becomes  heavier  or  lighter  by  being  burned.  In  this 
refped  the  antiphlogidian  theory  has  the  advantage;  for,  in  all  experiments  which 
have  yet  been  accurately  made,  bodies  gain  weight  by  being  burned.  If  the 
refidues  of  combudion  were  in  all  cafes  fixed,  it  would  be  eafy  to  afcertain  this 
general  fad.  But  in  all  organifed  fubdances,  and  many  among  thofe  of  the  mineral 
kingdom,  mod  of  the  produds  affume  the  vaporous  or  elaflic  date.  When  the 
vapour  is  condenfible,  it  is  eafier  to  afcertain  its  weight  than  when  it  continues 
eladic.  There  are  many  difficulties,  however,  which  attend  the  accurate accom- 
plilhment  of  experiments,  wherein  a known  fupply  of  vital  air  is  required  to  be 
given  to  the  combudible  matter,  and  the  produds  are  to  be  received,  condenfed, 
meafured,  or  weighed.  A notion  of  thefe  difficulties  may  be  had  by  confulting 
the  writings  of  Lavoifier  *.  This  chemid  found,  by  burning  ardent  fpirit  in  a 
lamp  with  a ferpentine  chimney  kept  cool  upon  the  principle  of  the  worm  of  a 
dill,  nearly  17  ounces  of  water  were  colleded  from  16  of  the  fpirit,  and  it  is 
known  that  a confiderable  produd  of  fixed  air  mud  alfo  have  been  lod. 

The  metals  which  are  truly  combudible  bodies,  though  few  of  them  will  burn  in 
the  common  air  of  the  atmofphere,  without  the  affidance  of  foreign  heat,  exhibit 
this  increafe  of  weight  in  a remarkable  manner.  The  general  fads  are,,  as  I find 
them  ready  enumerated  by  Foureroy  in  his  notes  on  Kirwan’s  ph-logidon, 
x.  There  is  no  eladic  fluid  which  is  capable  of  calcining  the  metals  hut  vital  air. 
2.  They  are  not  calcined  by  atmofpheric  air,  but  in  proportion  to  the  quantity 
of  vital  air  it  contains.  3.  In  proportion  as  they  burn,  they  abforb,  condenfe, 
and  fix' this  vital  air,  which  proves,  as  he  infers,  that  the  latter  abandons  that 
which  held  it  fufed,  or  divided  in  the  date  of  an  eladic  fluid.  4.  Hence  he 
adds,  that  it  is  only  the  folid  part  of  vital  air  which  unites  to  metals.  5.  And 
for  this  reafon  it  is  that  rapid  combudion  is  attended  with  a difengagement  of 
heat  and  light;  6.  But  as  the  heat  and  light  are  bodies  of  fuch  levity,  that  then- 
weight  cannot  be  appreciated  by  our  indruments,  the  lofs  anti  difengagement  of 
thefe,  which  he  fuppofes  to  be  principles,  make  no  change  in  the  weights  of  our 
experiments.  7.  Metals  therefore  increafe  in  weight  by  the  quantity  of  vital  air 
they  fix  during  their  combudion.  8.  All  the  femi-metals,  and  imperfeCt  metals, 
prtftnt  abfolutely  the  fame  phenomena,  and  are  therefore  fads  of  the  fame  kind. 
9.  In  all  the  various  proceffes  by  which  metals  are  calcined,  otherwife  than  by 

* Elements  of  Chemiftry,  Memoirs  of  the  Academy  of  Sciences.  Journal  de  Phyfique. 
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means  of  the  air,  they  undergo  abfolutely  the  fame  modification,  their  weight 
increafes,  and  they  lofe  their  metallic  date  in  the  fame  manner  as  by  the  fimul- 
taneous  action  of  heat  and  the  air.  Mr.  Fourcroy  calls  thefe  politive  and  fimple 
facts,  though  indeed  they  include  the  consideration  of  the  materiality  of  heat, 
which  may  perhaps  be  no  more  a feparate  matter  than  the  phlogifton. 

He  afterwards  adds  the  following  obfervations : 1.  That  the  metals  differ  in 

the  Several  quantities  of  vital  air  they  require  for  their  faturation.  2.  That  fome 
lofe  this  principle  by  the  fimple  contact  of  heat  and  light,  fometimes  even  by  the 
ation  of  the  latter  only  aflifted  by  very  little  heat.  3.  That  the  greater  number 
do  not  admit  of  this,  and  are  not  therefore  reducible  by  thefe  agents.  4.  That 
no  indution  can  be  made  from  this  difference  in  the  metallic  calces,  any  more 
than  it  could  be  fairly  concluded  that  neutral  vitriolic  falts  do  not  contain  the 
fame  acid  as  the  metallic  vitriols,  becaufe  the  latter  are  decompofable  by  mere 
heat,  and  the  former  nod  5.  That  not  only  the  vital  air  is  abforbed  in  different 
dofes,  but  that  it  is  likewife  combined  in  them,  after  privation  of  a greater  or  lefs 
quantity  of  the  matter  of  heat,  and  of  light;  and  that  the  capacities  of  the  refidues 
or  calces  for  heat  will  differ  accordingly.  6.  That  each  metallic  calx  may  exit! 
in  different  States  of  calcination  from  the  abforption  of  the  fmalleff  quantity  poffi- 
ble  of  vital  air  unto  that  which  is  neceffary  for  faturating  the  metal;  fo  that  the 
calcination  of  each  metal  flops,  as  it  were,  at  different  degrees.  Thus  it  is  that 
lead  becomes  calcined,  firft  of  a gray,  and  then  of  a yellow  and  red  colour,  and 
iron  is  black  and  brown.  7.  That  the  periods  of  calcination  in  each  metal 
depend  on  circumflances  which  are  more  or  lefs  favourable  to  the  attration  of 
the  metals  for  vital  air;  the  principal  of  which  circumflances  is  a certain  tem- 
perature, neither  too  high  nor  too  low.  Thus  a certain  metal  will  abforb  and  fix 
only  a very  fmall  quantity  of  the  vital  air  of  the  atmofphere,  and  never  becomes 
any  thing  but  a calx  of  a certain  nature,  at  the  ufual  temperature,  whereas  it  will 
fix  a much  greater  quantity,  and  its  calcination  will  become  complete,  if  it  be 
ftroogly  heated ; fuch  are  zinc,  iron,  &c.  8.  That  the  different  metallic  fub- 

fiances  differ  in  their  attractions  for  the  bafis  of  vital  air,  part  of  which  attrations 
have  been  already  afcertained  as  to  their  order,  by  Bergman,  who,  according  to 
the  fyflem  of  phlogifton,  remarked  that  the  precipitation  of  metals  in  acids  by 
each  other,  follows  the  fame  order  in  all  acids,  and  muff  therefore  depend  much 
more  on  their  difpofition  to  become  calcined,  than  on  their  refpetive  attractions 
for  the  acid  folvent.  9.  Laflly,  the  metallic  calces  are  decompofed  and  reduced 
to  the  metallic  flate  by  the  laws  of  attraction  followed  by  the  vital  air.  Thus 
heat  feparates  it  from  fome,  one  metal  takes  it  from  another,  inflammable  air 
takes  it  from  mofl  metals,  and  catbone,  or  pure  charcoal,  perhaps  from  all. 

Among  the  few  metals  which  are  capable  of  calcination  and  reduction  by  mere 
heat,  there  is  no  one  which  fets  the  theory  of  that  procefs,  and  the  doctrine  of  the 
antiphlogiftians,  in  fo  clear  a point  of  view  as  mercury.  Lavoifier  gives  a very 
perfpicuous account  of  the  experiment*,  which  can  only  be  performed  on  a fmall 
fcale. 

He  took  a mattrafs  of  about  36  cubical  inches  capacity,  having  a long  neck 
of  fix  or  feven  lines  internal  diameter,  which  was  bended  firft  fideways  like  that 
of  a retort,  and  then  in  a reverfe  direction  upwards,  fo  as  conveniently  to  be 
inferted  beneath  an  inverted  jar  of  mercury  for  pneumatic  experiments.  Into 
this  mattrals  was  introduced  four  ounces  of  mercury,  and  a portion  of  the  air. was 
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then  drawn  out  of  the  receiver  by  means  of  a fyphon,  and  the  ftation  of  the  mer- 
cury noted  in  this  veffel  by  palling  a flip  of  paper  on  its  external  furface.  Hav- 
ing accurately  noted  the  height  of  the  thermometer  and  barometer,  he  lighted  a 
fire  in  a furnace,  which  he  kept  up  almoft  continually  for  twelve  days,  fo  as 
to  keep  the  quickfilver  always  very  near  its  boiling  point.  Nothing  remarkable 
took  place  during  the  firft  day  ; the  mercury,  though  not  boiling,  was  continually 
evaporating,  and  covered  the  interior  furface  of  the  veffel  with  fmall  drops,  at 
firft  very  minute,  which  gradually  augmenting  to  a fufficient  fize,  fell  back  into 
the  mafs  at  the  bottom  of  the  veffel.  On  the  fecond  day  fmall  red  particles  began 
to  appear  on  the  furface  of  the  mercury  : thefe,  during  the  four  or  five  following 
days,  gradually  increafed  in  fize  and  number,  after  which  they  ceafed  to  increafe 
in  either  refpect.  At  the  end  of  twelve  days,  feeing  that  the  calcination  of  the 
mercury  did  not  at  ail  increafe,  he  extinguifhed  the  fire,  and  allowed  the  veffels  to 
cool.  The  bulk  of  air  in  the  body  and  neck  of  the  mattrafs,  and  in  the  bell- 
glafs,  seduced  to  a medium  of  28  inches  of  the  barometer,  and  54.50  of  the 
thermometer,  at  the  commencement  of  the  experiment  was  about  50  cubical 
inches.  At  the  end  of  the  experiment  the  remaining  air  reduced  to  the  fame 
medium,  preffure  and  temperature,  was  only  between  42  and  43  cubical  inches ; 
confequently  it  had  loft  about  one-fixth  of  its  bulk.  Afterwards,  having  collected 
all  the  red  particles,  formed  during  the  experiment,  from  the  running  mercury 
in  which  they  floated,  he  found  thefe  to  amount  to  45  grains. 

Mr.  Lavoifier  was  obliged  to  repeat  this  experiment  feveral  times,  as  it  is 
difficult  in  one  experiment  both  to  preferve  the  whole  air  upon  which  we  operate, 
and  to  colledl  the  whole  of  the  red  particles  or  calx  of  mercury,  which  is  formed 
during  the  calcination. 

The  air  which  remained  after  the  calcination  of  the  mercury  in  this  experiment, 
and  which  was  reduced  to  five-fixths  of  its  former  bulk,  was  no  longer  fit  either 
for  refpiration  or  for  combuftion  ; animals  being  introduced  into  it  were  fuffocated 
in  a few  feconds,  and  when  a taper  was  plunged  into  it,  it  was  extinguifhed  as  if 
it  had  been  immerfed  in  water. 

In  the  next  place,  he  took  45  grains  of  the  red  matter  formed  during  this  expe- 
riment, which  he  put  into  a fmall  glafs  retort,  having  a proper  apparatus  for 
receiving  fu'ch  liquid,  or  gafeous  product,  as  might  be  extracted  : having  ap- 
plied a fire  to  the  retort  in  the  furnace,  he  obferved  that  in  proportion  as  the  red 
matter  became  heated,  the  intenfity  of  its  colour  augmented.  When  the  retort 
was  almoft  red-hot,  the  red  matter  began  gradually  to  decreafe  in  bulk,  and  in  a 
few  minutes  after  it  difappeared  altogether;  at  the  fame  time  41  f grains  of  run- 
ning mercury  were  collected  in  the  recipient,  and  feven  or  eight  cubical  inches 
of  elaftic  fluid,  greatly  more  capable  of  fupporting  both  refpiration  and  com- 
buftion than  atmofpherical  air,  were  collected  in  the  pneumatic  apparatus. 

A part  of  this  air  being  put  into  a glafs  tube  of  about  an  inch  diameter,  fhewed 
the  following  properties:  A taper  burned  in  it  with  dazzling  fplendour,  and 
charcoal  inltead  of  confuming  quickly,  as  it  does  in  common  air,  burnt  with  a 
flame,  and  attended  with  a decrepitating  noife,  like  phofphorus,  and  threw  out 
fuch  a brilliant  light  that  the  eyes  could  hardly  endure  it.  This  is  the  air  to 
which  Dr.  Prieftley  gave  the  name  of  dephlogifticated  air.  See  Air  Atmo- 
spherical, Air  Vital. 

In  reflecting  upon  the  circumftances  of  this  experiment  we  readily  perceive, 
that  the  mercury,  during  its  calcination,  abforbs  the  falubrious  and  refpirable 
part  of  the  air,  or,  to  fpeak  more  ftriftly,  the  bafe  of  this  refpirable  part;  that 
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the  remaining  part  is  a fpecies  of  mephitis,  incapable  of  fupporting  combuftion 
or  refpiration;  and  confequently  that  atmofpheric  air  is  compofed  of  two  elaftic 
fluids  of  different  and  oppofite  qualities.  As  a proof  of  this  important  truth,  if 
we  recombine  thefe  two  elaftic  fluids,  which  we  have  feparateiy  obtained  in  the 
above  experiment,  viz.  the  42  cubical  inches  of  mephitis,  with  the  eight  cubical 
inches  of  refpirable  air,  we  reproduce  an  air  precifely  firnilar  to  that  of  the 
atmofphere,  and  poffefling  nearly  the  fame  power  of  fupporting  combuftion  and 
refpiration,  and  of  contributing  to  the  calcination  of  metals.  See  Iron. 

Although  this  experiment  furnifhes  us  with  a very  fimple  means  of  obtaining 
the  two  principal  elaftic  fluids  which  compofe  our  atmofphere  feparate  from  each 
other,  yet  it  does  not  give  11s  an  exad  idea  of  the  proportion  in  which  thefe  two 
enter  into  its  compofition  : for  the  attraction  of  mercury  to  the  refpirable  part  of 
the  air,  or  rather  to  its  bafe,  is  not  fufficiently  ftrong  to  overcome  all  the  circum- 
ftances  which  oppofe  this  union.  Thefe  obftacles  are  the  mutual  adhefton  of  the 
two  conftituent  parts  of  the  atmofphere  for  each  other,  and  the  elective  attration 
which  unites  the  bafe  of  vital  air  with  caloric:  in  confequenceof  thefe,  when  the 
calcination  ends,  or  is  at  leaft  carried  as  far  as  is  poffible,  in  a determinate  quan- 
tity of  atmofpheric  air,  there  ftill  remains  a portion  of  refpirable  air  united  to  the 
mephitis,  which  the  mercury  cannot  feparate.  It  is  afcertained  from  other  expe- 
riments, that,  at  leaft  in  our  climate,  the  atmofpheric  air  is  compofed  of  refpirable 
and  mephitic  airs,  in  the  proportion  of  27  and  73. 

Since,  during  the  calcination  of  mercury,  air  is  decompofed,  and  the  bafe  of 
its  refpirable  part  is  fixed  and  combined  with  the  mercury,  it  follows  from  the 
general  fads  relating  to  combuftion,  that  heat  and  light  muft  be  difengaged  dur- 
ing the  procefs.  But  the  two  following  caufes  prevent  us  from  being  fenfible  of 
this  taking  place,  as  the  calcination  lafts  during  feveral  days,  the  difengagement 
of  heat  and  light  fpread  out  in  a confiderable  fpace  of  time,  becomes  extremely 
fmall  for  each  particular  moment  of  the  time,  fo  as  not  to  be  perceptible,  and  the 
operation  being  carried  on  by  means  of  fire  in  a furnace,  the  heat  produced  by  the 
calcination  itfelf  becomes  confounded  with  that  proceeding  from  the  furnace.  To 
this  might  be  added , that  refpirable  part  of  the  air,  or  rather  its  bafe,  in  entering  into 
combination  with  the  mercury,  does  not  part  with  all  the  heat  which  it  contained, 
but  ftill  retains  a part  of  it  in  the  new  compound  ; but  the  difcuflion  of  this 
point,  and  its  proofs  from  experiment,  do  not  belong  to  this  part  of  our 
fubjed. 

The  difengagement  of  heat  and  light  is  rendered  apparent  to  the  fenfes,  when  the 
decompofition  of  air  takes  place  in  a more  rapid  manner  ; for  this  purpofe  iron  is 
excellently  adapted,  as  it  poffeffes  a much  ftronger  affinity  for  the  bafe  of  refpir- 
able air  than  mercury.  The  following  elegant  experiment  of  Dr.  Ingenhoufz, 
upon  the  combuftion  of  iron,  is  well  known.  Take  a piece  of  fine  iron  wire, 
twifted  into  a fpiral ; fix  one  of  its  extremities  into  a cork,  adapted  to  the  neck 
of  a bottle/ and  fix  to  the  other  extremity  of  the  wire  a fmall  morfel  of  tinder. 
Matters  being  thus  prepared,  fill  the  bottle  with  air  deprived  of  its  mephitic  part,, 
then  light  the  tinder,  and  introduce  it  quickly  with  the  wire  upon  which  it  is 
fixed  into  the  bottle,  which  you  flop  up  with  the*- cork.  The  inftant  the  lighted 
tinder  comes  into  contad  with  the  vital  air,  it  begins  to  burn  with  great  intenfity ; 
and,  communicating  the  inflammation  to  the  iron  wire,  it  too  takes  fire,  and 
burns  rapidly,  throwing  out  brilliant  fparks : thefe  fall  to  the  bottom  of  the  vefiel 
in  rounded  globules,  which  become  black  in  cooling,  but  retain  a degree  of 
metallic  fplendour.  The  iron  thus  burnt  is  more  brittle  even  than  glafs,  is  eafily 
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reduced  into  powder,  and  is  ftill  attra&ible  by  the  magnet,  though  not  fo 
powerfully  as  it  was  before  combuftion. 

Lavoifier  repeated  this  experiment  with  a view  to  afcertain  the  products. 
Having  filled  abell-glafs  of  about  fix  pints  meafure,  with  pure  air,  or  the  highly 
refpirable  part  of  air,  he  tranfported  this  jar  by  means  of  a very  flat  vefifel  into  a 
quickfilver  bath,  taking  care  to  render  the  furface  of  the  mercury  perfectly  dry, 
both  within  and  without  the  jar,  with  blotting  paper.  He  then  provided  a fmall 
cup  of  china-ware,  very  flat  and  open,  in  which  he  placed  fome  fmall  pieces  of 
iron,  turned  fpirally,  and  arranged  in  fuch  a way  as  feemed  moft  favourable  for 
the  combuftion  being  communicated,  to  every  part.  To  the  end  of  one  of  thefe 
pieces  of  iron  was  fixed  a fmall  piece  of  tinder,  to  which  was  added  about  the 
fixteenth  part  of  a grain  of  phofphorus ; and,  by  railing  the  bell-glafs  a little, 
the  china-cup  with  its  contents  was  introduced  into  the  pure  air.  It  is  true 
that  by  this  means  fome  common  airmuft  mix  with  the  pure  air  in  the  glafs;  but 
this,  when  it  is  done  dextroufly,  fays  Mr.  Lavoifier,  is  fo  very  trifling,  as  not  to 
injure  the  fuccefs  of  the  experiment.  This  being  done,  a part  of  the  air  was 
fucked  out  from  the  bell-glafs,  by  means  of  a fyphon,  fo  as  to  raife  the  mercury 
within  the  glafs ; and  to  prevent  the  mercury  from  getting  into  the  fyphon,  a 
fmall  piece  of  paper  was  twifted  round  its  extremity.  In  fucking  out  the  air,  if 
the  motion  of  the  lungs  only  be  ufed,  we  cannot  make  the  mercury  rife  above  an 
inch  or  an  inch  and  a half : but,  by  properly  uling  the  mufcles  of  the  mouth,  we 
can,  without  difficulty,  caufe  it  to  rife  fix  or  feven  inches. 

He  then  took  an  iron  wire,  properly  bent  for  the  purpofe,  and  making  it  red- 
hot  in  the  fire,  prefled  it  through  the  mercury  into  the  receiver,  and  brought  it 
in  contact  with  the  fmall  piece  of  phofphorus  attached  to  the  tinder.  The  phof- 
-phorus  inftantly  took  fire,  which  communicated  to  the  tinder,  and  from  that  to 
the  iron.  When  the  pieces  have  been  properly  arranged  ; the  whole  iron  burns, 
even  to  the  laft  particle,  throwing  out  a whice  brilliant  light,  fimilar  to  that  of 
Chinefe  fire-works.  The  great  heat  produced  by  this  combuftion  melts  the 
iron  into  round  globules  of  different  fizes,  moft  of  which  fall  into  the  china-cup  ; 
but  fome  are  thrown  out  of  it,  and  fwim  on  the  furface  of  the  mercury.  At  the 
beginning  of  the  combuftion,  there  is  a flight  augmentation  in  the  volume  of  the 
air  in  the  bell-glafs,  from  the  dilatation  caufed  by  the  heat ; but  prefently  after- 
wards a rapid  diminution  of  the  air  takes  place,  and  the  mercury  rifes  in  the 
glafs,  infomuch  that  when  the  quantity  of  iron  is  fufficient,  and  the  air  operated 
upon  is  very  pure,  almoft  the  whole  air  employed  is  abforbed. 

It  is  proper  to  remark  in  this  place,  that,  unlefs  in  making  experiments  for  the 
purpofe  of  difcovery,  it  is  better  to  be  contented  wfith  burning  a moderate  quan- 
tity of  iron  ; for  when  this  experiment  is  pufhed  too  far,  fo  as  to  abforb  much  o.f 
the  air,  the  cup  which  floats  upon  the  quickfilver  approaches  too  near  the  upper 
part  of  the  beft-glafs;  and  the  great  heat  produced,  which  is  followed  by  a very 
hidden  cooling,  occafioned  by  the  contatft  of  the  cold  mercury,  is  apt  to  break 
the  glafs,  in  which  cafe  the  hidden  fall  of  the  column  of  mercury,  which  happens 
the  moment  the  leaft  flaw  is  produced  in  the  glafs,  caufes  fuch  a wave,  as  throws 
a great  part  of  the  quickfilver  from  the  bafon.  To  avoid  this  inconvenience, 
and  to  infure  fuccefs  to  the  experiment,  one  dram  and  a half  of  iron  is  fufficient 
to  burn  in  a bell-glafs,  which  holds  about  eight  pints  of  air.  The  glafs  ought 
likewife  to  be  ftrong,  that  it  may  be  able  to  bear  the  weight  of  the  column  of 
mercury  which  it  has  to  fupport. 

By  this  experiment  it  is  not  poffible  to  determine  at  one  time,  both  the 
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additional  weight  acquired  by  the  iron  and  the  changes  which  have  taken  place 
in  the  air.  If  it  is  wifhed  to  afcertain  what  additional  weight  has  been  gained  by 
the  iron,  and  the  proportion  between  that  and  the  air  abforbed,  we  muft  carefully 
mark  upon  the  bell-glafs,  with  a diamond,  the  height  of  the  mercury,  both  be- 
fore and  after  the  experiment.  Afcerthis,  the  fyphon,  guarded  as  before  with  a 
bit  of  paper  to  prevent  its  filling  with  mercury,  is  to  be  introduced  under  the 
bell-glafs^  having  the  thumb  placed  upon  the  extremity  of  the  fyphon,  to  regu- 
late the  paft’age  of  the  air,  and  by  this  means  the  air  is  gradually  admitted,  fo  as 
to  let  the  mercury  fall  to  its  level.  This  being  done,  the  bell-glafs  is  to  be  care- 
fully removed,  the  globules  of  melted  iron  contained  in  the  cup,  and  thofe  which 
have  been  fcattered  about,  andfwim  upon  the  mercury,  are  to  be  accurately  col- 
lected, and  the  whole  is  to  be  weighed.  The  iron  will  be  found  in  that  ftate 
called  martial  ethiops  by  the  old  chemifts,  pofleffing  a degree  of'  metallic 
brilliancy,  very  friable,  and  readily  reducible  into  powder,  under  the  hammer,  or 
with  a peftle  and  mortar.  If  the  experiment  has  fucceeded  well,  from  100  grains 
of  iron  will  be  obtained  135  or  136  grains  of  ethiops,  which  is  an  augmentation, 
of  35  per  cent. 

■ If  ail  the  attention  has  been  paid  to  this  experiment  which  it  deferves,  the  air 
will  be  found  diminilhed  in  weight  exa&ly  equal  to  what  the  iron  has  gained. 
Having  therefore  burnt  one  hundred  grains  of  iron,  which  has  acquired  an  ad- 
ditional weight  of  thirty-five  grains,  the  diminution  of  air  will  be  found  exaftly 
feventy  cubical  inches ; and  as  it  is  known  that  the  weight  of  vital  air  is  very  near 
half  a grain  for  each  cubical  inch,  the  augmentation  of  weight  in  the  one  exadUy 
coincides  with  the  lofs  of  it  in  the  other. 

I fit  be  required  to  examine  the  nature  of  the  air  which  remains  after  this  ex- 
periment, we  muft  operate  in  a fomewhat  different  manner.  After  the  combuf- 
tion  is  finifhed,  and  the  veffels  have  cooled,  we  firft  take  out  the  cup,  and  the 
burnt  iron,  by  introducing  the  hand  through  the  quickfilyer,  under  the  bell-glafs ; 
we  next  introduce  fome  folution  of  potafh,  or  cauftjc  alkali,  or  of  the  liver  of 
fulphur,  or  fuch  other  fubftances  as  are  judged  proper  for  examining  their  ac- 
tion upon  the  refiduum  of  air.  After  this  examination,  fo  much  water  muft  be  let 
into  the  glafs  as  will  difplace  the  quickfilver;  and  then,  by  means  of  a fhallow  difti 
placed  below  the  bell-glafs,  it  is  to  be  removed  into  the  common  water  pneumato- 
chemical  apparatus,  where  the  air  remaining  may  be  examined  at  large,  and  with, 
great  facility. 

When  very  foft  and  very  pure  iron  has  been  employed  in  this  experiment,  ancj 
when  the  combuftion  has  been  performed  in  the  pureft  refpirable  or  vital  air,  free 
from  admixture  of  the  noxious  or  mephitic  part,  the  air  which  remains  after  the 
combuftion  will  be  found  as  pure  as  it  was  before ; but  it  is  difficult  to  find  iron 
entirely  free  from  a fmall  portion  of  charry  matter,  which  is  chiefly*f&bundant  in 
fteel  j and  it  islikewife  exceedingly  difficult  to  procure  pure  air  perfectly  free  from 
fome  admixture  of  mephitics,  with  which  it  is  almoft  always  contaminated  : that 
fpecies  of  noxious  air  does  not,  as  Mr.  Lavoifier  affirms,  in  the  fmalleft  degree  dif- 
turb  the  refult  of  the  experiment,  as  it  is  always  found  at  the  end  exactly  in  the 
fame  quantity  as  at  the  beginning. 

Tne  calcination  ofmetallic  fubftances  by  the  action  of  acids,  is  evidently  an  ope- 
ration of  the  fame  nature  as  that  which  is  efteCted  by  heat  and  vital  air.  Nurn- 
berlefs  experiments  have  fhewn  that  vital  air  is  a component  part  of-  acids.,  But 
this  being  a modern  difeovery,  the  theory  of  phlogifton  was  applied  to  the  acids 
which  were  fuppofed  to  be  capable  of  attracting  or  expelling  that  principle  from 
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metallic  bodies  as  well  as  other  fubftances.  On  this  head  the  feveral  articles  re- 
lating to  the  acids  and  metals  may  be  confulted.  It  muft  neverthelefs  be  ad- 
mitted, that  as  the  vital  air  is  known  to  be  a component  part  of  acids,  as  they  lofe 
a portion  of  it  whenever  they  are  employed  to  calcine  any  metal,  as  the  calx  is 
found  to  have  gained  this  very  principle,  it  appears  unneceflary  or  redundant  to 
admit  the  phlogifton  in  explaining  thefe  effe&s.  The  general  fads  of  metallic 
folution  are 

1.  The  metals  cannot  unite  with  acids  unlefs  previoufly  calcined,  or  united 
with  the  bafe  of  vital  air.  This  therefore  appears  to  be  the  medium  of  the  union. 

2.  The  degree  of  calcination  for  this  purpofe  is  definite.  If  too  near  the  me- 

tallic ftate,  they  are  difficultly  taken  up,  and  if  too  much  calcined  they  ceafe  to  be 
fufpended.  * 

3.  This  degree  differs  in  the  feveral  metals. 

4.  In  every  metallic  folution  by  an  acid,  the  metal  attrads  and  combines  with 
vital  air,  either  from  the  acid  which  is  decompofed,  or  from  the  atmofphere  which 
is  rendered  lefs  falubrious,  or  elfe  from  the  water  which  is  decompofed.  See 
Water.  In  the  firfh  cafe,  one  of  the  principles  of  the  acid,  or  its  bafe,  isfet  at 
liberty,  and  ufually  flies  off,  as  fulphur  in  the  decompofition  of  vitriolic  acid,  in  the 
compofition  of  vitriolic  air,  or  either  nitrous  or  azotic  air  when  nitrous  folutions 
are  made.  See  Acid  Vitriolic,  Acid  Nitrous.  In  the  fecond  cafe,  as  in  the 
acetous  folution  of  copper,  which  only  takes  place  when  atmofpheric  or  vital  air  is 
prefent,  this  laft  fluid  is  abforbed.  And  in  the  third  there  is  a difengagement  of 
inflammable  air.  It  is  deduced  that  the  inflammable  air  is  afforded  by  the  decom- 
pofition of  the  water,  becaufe  the  acid  is  found,  when  difengaged  from  the  metal  -p, 
to  be  capable  of  forming  as  much  neutral  fait  with  an  alkali  as  a like  quantity  of 
the  fame  acid  would  do. 

5.  The  marine  acid,  and  fuch  vegetable  acids  as  are  compofed  of  bafes  which 
have  a flronger  attraction  for  vital  air  than  the  metals  have,  are  riot  decompofed 
by  the  metals,  and  accordingly  they  are  not  diflblved  unlefs  water  or  vital  air  be 
prefent  in  fufficient  abundance.  And  thefe  folutions  either  emit  inflammable  air, 
or  do  not  effervefce  at  all. 

6.  The  difpofition  of  thefe  acids  to  unite  with  the  calx  or  combination  of  metal 
and  vital  air  greatly  favours  the  attradion  of  that  fluid.  So  that  metals  which 
would  long  remain  expofed  to  the  air  without  calcination  will  attrad  vital  air  when 
'in  contad  with  an  acid  : and  other  metals,  copper  for  inftance,  which  is  not  capa- 
ble of  decompofing  water  alone  at  any  obtainable  temperature,  will  effed  it  by  the 
help  of  an  acid. 

There  are  fome  cafes*  in  which  the  water  and  the  acid  are  at  the  fame  time  de- 
compofed by  the  metal,  as  in  the  folution  of  tin  by  the  nitrous  acid.  Tin  is  fo 
ftrongly  attradive  of  vital  air,  and  requires  fo  large  a quantity  for  its  faturation,  that 
after  having  Abforbed  that  of  the  nitrous  acid,  and  reduced  it  to  the  date  of  azotic 
or  phlogifttcated  air,  it  decompofes  the  water  and  difengages  inflammable  air. 
Thefe  two  principles  being  thus  feparated  from  their  firft  compounds  unite  to- 
gether, and  form  volatile  alkali.  See  Volatile  Alkali.  Hence  there  is  no  per- 
ceptible difengagement  of  elaftic  fluid,  lb  this  eafe  it  appears,  that  the  formation 
of  volatile  alkali,  in  the  folution  of  tin  by  the  nitrous  acid,  always  takes  place  ; 

* Fourcroy  on  Kirwan. 

f This  experiment  was  well  performed  by  Dr.  G.  Fordyce  with  zinc  and  vitriolic  acid.  See 
Phil. Tra.uk  or  the  article  Zinc. 
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for  by  throwing  quicklime  or  cauftic  fixed  alkali  into  this  folution,  there  is  al- 
ways a difengagement  of  ammoniac. 

7.  It  follows  from  all  that  has  hitherto  been  faid,  that  in  every  metallic  folution 
in  which  the  acid  is  decompofed,  two  dofes  of  this  fait  are  required,  of  which  the 
mind  conceives  the  neceffity.  1.  That  whofe  decompofition  fupplies  the  metal 
with  vital  air.  2.  That  which  diflolvesthe  calcined  metal. 

8.  Hence,  if  no  greater  quantity  of  acid  be  added  to  a metal  than  is  necefiary 
for  its  calcination,  it  will  be  calcined  and  not  diflolved.  Thus  it  is  that  a few  drops 
of  concentrated  nitrous  acid  being  thrown  upon  tin,  antimony,  bifmuth,  and  even 
zinc,  quickly  reduce  the  metals  into  white,  dry,  and  pulverulent  calces. 

9.  From  this  accurate  diftindtion  of  the  two  dofes  of  acid,  we  fee  why  a metal, 
though  very  greedy  of  vital  air,  does  notdecompofe  this  acid  fufficiently,  nor  de- 
prive it  of  enough  of  vital  air  to  faturate  itfelf ; for  if  too  highly  charged  with 
this  principle,  it  would  not  unite  to  the  undecompofed  portion  of  the  acid,  and 
there  would  be  no  folution  •,  but  in  Head  of  farurating  itfelf  in  this  manner,  in 
proportion  as  the  metal  arrives  at  the  determinate  point  of  calcination,  the  acid 
diffolves  it,  and  the  metal  does  not  decompofe  it  beyond  that  point,  becaufe  its 
affinity  with  the  acid  is  then  ftronger  than  with  a greater  dofeof  vital  air. 

10.  Various  circumflances,  and  efpecially  an  elevated  temperature,  changethefe 
attractions ; they  increafe  that  of  the  metal  for  vital  air  j and  by  favouring  its  fatu- 
ration  with  that  principle,  they  either  prevent  its  uniting  wi'h  the  acid,  or  effedt  its 
feparation : the  former  event  takes  place  in  the  mixtures  of  acids  and  metals, 
whofe  mutual  aCtion  is  increafed  by  a ftrong  temperature,  and  the  latter  takes 
place  in  molt  metallic  folutions,  when  they  are  too  ftrongly  heated. 

11.  Moll  metallic  folutions,  which  are  leftexpofcd  to  the  air,  abforb  vital  air 
with  more  or  lefs  facility  j and  the  metals  which  they  contain,  becoming  more 
calcined  than  before,  feparate  and  fall  down  ; fo  that  there  is  not  one  of  thefe  fo- 
lutions which  remains  in  the  fame  ftate  if  expofed  to  air,  or  which  can  be  con- 
fidered  as  abfolutely  permanent. 

1 2.  Since  the  metals  cannot  remain  united  to  the  acids,  but  in  the  Hate  of  calces 
of  a determinate  degree,  it  iseafily  conceived,  that  by  plunging  into  a metallic  fo- 
lution a metal  which  has  a ftronger  affinity  with  vital  air  than  that  which  is  dif- 
folved,  the  former  muft  deprive  the  latter  of  its  vital  air,  take  its  place  in  the  acid, 
and  caufe  the  fecond  tofubfide  in  a form  more  or  lefs  metallic,  accordingly  as  it 
has  deprived  it  of  more  or  lefs  vital  air.  This  is  the  reafon  of  the  precipitation  of 
filver  by  copper,  copper  by  iron,  &c. 

It  may  eafily  be  perceived  that  the  great  queftions  relating  to  phlogifton  in  the 
calcination,  folution,  and  precipitation  of  metallic  fubftances  arc  intimately  con- 
nected with  the  compofition  and  decompofition  of  water.  On  thefe  fubjedts  fee 
Water,  Precipitates,  Vegetables. 

PHOSPHORUS  (ENGLISH),  or  KUNCKEL’s  PHOSPHORUS.  The 
name  phofphorus  is  applied  to  all  fubftances  capable  of  giving  light  in  the  dark  ; 
fuch  as  glow-worms,  rotten-wood,  diamonds  after  having  been  expofed  to  the  fun 
or  light  j the  Bolognian  ftone,  and  certain  fpars  after  calcination.  The  effedls  of 
thefe  phofphoric  matters  may  proceed  from  eledtricity,  or  fome  property  of  light. 
We  {hall  mention  thefe  in  the  following  article.  The  phofphorus  we  now  treat  of 
is  of  a very  different  nature.  It  is  a fubftance  not  only  luminous  in  the  dark,  but 
alfo  inflammable  and  burning.  It  is  the  bafis  of  a peculiar  acid,  and  is  confe- 
quently  a fpecies  of  fulphur. 

The  difcovery  of  this  phofphorus  is  not  very  ancient : it  was  difcovered  by  a 
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citizen  of  Hamburgh,  called  Brandt,  in  his  refearches  for  the  philofopher’s 
Hone.  Kunckel  was  defirous  to  acquire  this  fecret,  and  for  this  purpofe  affociated 
himfelf  with  one  of  his  friends,  called  Kraaft,  who  thinking  by  means  of  it  to  . 
make  a fortune,  refolved,  after  having  procured  it,  not  to  reveal  it,  and  even  ob- 
tained a promifefrom  the  inventor  not  to  communicate  it  to  Kunckel.  Kunckel, 
vexed  by  this  treachery,  refolved  to  fearch  for  the  phofphorus  : and  although 
he  knew  no  more  of  the  procefs  than  that  urine  was  the  fubftance  employed,  he 
profecuted  this  inquiry  with  fuch  zeal,  that  at  length  he  made  phofphorus.  This 
chemift  took  to  himfelf  very  juftly  the  honour  of  having  difcovered  it,  and  was  ac- 
cordingly confidered  as  one  of  the  difcoverers  of  it,  with  fo  much  more  reafon,  as 
he  did  not  find  it  by  chance,  and  without  fearching  for  it,  as  Brandt  had  done,  but 
after  a rational  inquiry  undertaken  for  this  purpofe.  Accordingly  Kunckel’s  nameis 
affixed  to  this  phofphorus,  which  is  commonly  called  the  phofphorus  of  Kunckel. 

The  celebrated  Mr.  Boyle  has  alfo  had  the  reputation  of  having  made  this 
difcovery.  Thofewho  give  him  the  credit  of  this  fay,  that  Boyle  having  feem 
a piece  of  phofphorus  in  England  m 1679,  which  Kraaft  had  brought  thither 
to  (hew  to  the  King  and  Queen  of  England,  and  having  been  informed  only  that 
this  phofphorus  was  produced  from  fome  matter  belonging  to  the  human  body, 
attempted,  like  Kunckel,  to  difcover  the  method  of  preparing  it,  and  in  the  fol- 
lowing year  actually  made  a fmall  quantity,  which  he  lodged  with  the.  Secretary 
of  the  Royal  Society,  who  gave  him  a receipt  for  it.  But  Stahl,  in  a fmall  work, 
called  the  Three  Hundred-Experiments,  fays,  that  Kraaft  told  him  that  he  com- 
municated the  procefs  to  Mr.  Boyle.  If  this  be  true,  Boyle  has  claimed  the  ho- 
nour of  a difcovery  to  which  he  had  no  right;  an  imputation  injurious  to  the 
reputation  of  a man  fo  juftly  famous.  But  it  muft  be  acknowledged,  that  the 
truth  of  this  imputation  is  very  queftionable.  For  Kraaft,  who,  as  Stahl  relates, 
was  ignorant  of  chemiftry,  and  who  had  been  treacherous  to  Kunckel,  was 
nothing  in  all  this  affair  of  phofphorus,  but  a trader  in  fecrets.  For  having 
purchafed  the  fecret  of  preparing  phofphorus,  he  fold  it  again  every  where  ; and 
therefore  no  credit  is  to  be  given  to  the  teftimony  of  fuch  a man. 

It  is  not  indeed  probable,  that  a man  of  fuch  undoubted  integrity  as  Boyle 
would  have  communicated  the  procefs  to  the  Royal  Society  as  his  own,  if  this  had 
been  the  cafe.  Neither  does  the  invention  appear  to  be  of  that  magnitude,  as  not 
to  be  eafily  hit  upon  by  thofe  who  were  determined  to  fpare  no  pains  nor  atten- 
tion in  the  purfuit  of  difcovery,  as  was  the  cafe  with  the  chemifts  of  that  day, 
moft  of  whom  indulged  extravagant  hopes.  The  procefs  of  Boyle  confifted  in 
nothing  more  than  diftilling  urine,  till  the  laft  volatile  product  came  over,  which 
is  the  phofphorus;  and  he  ufed  no  other  artifice  to  facilitate  the  operation,  than 
that  of  firft  evaporating  the  fluid  part  of  the  urine  until  it  became  of  the  confift- 
ence  of  fyrup.  He  then  mixed  this  liquid  with  thrice  its  weight  of  fine  fand,. 
and  expofed  the  whole  to  diftillation  for  twelve  hours,  the  fire  being  made  as  in- 
tenfe  as  poflible  for  the  laft  fix  hours.. 

Boyle  communicated  the  procefs  for  making  phofphorus  to  a German  chemift- 
ealied  Godfreid  Hantkwitz,  who  accordingly  prepared  it  in  London.  Kunckel 
and  he  were  then  the  only  perfons  who  made  any  confiderable  quantity  of  it,  and 
the  latter  made  a lucrative  trade  of  it.  Stahl  fays,  that  he  knew  alfo  this  Mr. 
Hantkwitz,  and  confidered  him  as  a good  practical  chemift,  and  that  he  had  an. 
excellent  laboratory  in  London.  His  defcendant  ftill  keeps  arefpedlable  chemift’s 
Ihop  in  Southampton-ftreet,  Covent  Garden,  which  has  always  been  famous  for 
the  extreme  purity  of  the  articles  fold..  The  date  1680  is  over  the  door. 
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Proceffes  for  making  phofphorus  were  frequently  publifhed  about  that  time. 
Mr.  Hellot,  in  his  Memoir  on  this  fubjedt,  enumerates  all  that  were  then  known, 
namely,  the  procefs  publiflied  by  Boyle  in  1680,  in  the  Philofophical  Tranfadlions, 
No.  196;  that  of  Kraaft ; for,  after  felling  the  fecret  to  many  perfons,  he  after- 
wards publifhed  it  in  a treatife  concerning  phofphorus,  written  by  the  Abbe  de 
Commieres,  publifhed  in  the  Mercure  Galant,  for  June  1683  ; that  of  Brandr, 
in  a"colledtion  of  Experiments  and  Obfervations  of  Dr.  Hook,  publifhed  by  Mr. 
Derhamin  1726  ; that  of  Mr.  Homberg,  in  the  Ancient  Memoirs  of  the  Aca- 
demy in  1692,  who  fays,  that  he  had  feen  Kusickel  make  phofphorus ; and  laftly, 
the  proceffes  found  in  the  works  of  feveral  chemifts,  particularly  of  Theikmeyer, 
Hoffman,  and  Neewentuit. 

But  notwithftanding  all  thefe  proceffes,  whether  they  were  not  fufficiently  com- 
plete, or  too  laborious  and  expenfive,  no  chemift,  excepting  Hantkwitz,  made 
phofphorus,  and  the  operation  ftill  continued  a fecret  till  the  year  1737,  when  a 
ftranger  came  into  France,  who  offered  to  make  phofphorus.  The  miniftry 
granted  him  a reward  for  his  procefs,  which  he  accordingly  communicated. 
Meffrs.  Hellot,  Dufoy,  Geoffrey,  and  Duhamel,  all  experimental  philofophers 
and  chemifts  of  the  Academf  of  Sciences,  executed  this  procefs  fuccefsfully. 
Mr.  Hellot  wrote  a diftindt  account  of  it,  and  publiflied  it  amongft  the  Memoirs 
of  the  Academy  of  Sciences  for  the  year  1737  ; a large  extradt  of  which  may  be 
found  in  the  Elements  of  Pradtical  Chemiftry. 

Since  the  publication  of  the  Memoir  of  Mr.  Hellot,  the  procefs  of  phofphorus 
was  no  longer  a fecret.  But  as  this  operation  has  hitherto  been  rather  curious 
than  ufeful,  and  is  alfo  expenfive  and  troublefome,  Macquer  fays,  he  does  not 
know  that  any  French  chemift  repeated  it  at  that  time,  excepting  Mr.  Rouelle, 
who  foon  afterwards  began  a courfe  of  chemiftry,  in  which  he  undertook  to  make 
phofphorus  in  the  prefence  of  his  pupils.  Macquer  was  then  prefent  as  one  of 
thefe,  and  Hellot  attended  during  the  whole  operation.  The  pupils  continued 
there  the  whole  night ; but  from  a fault  in  the  retort  this  firft  operation  failed. 
However,  in  the  year  following  Mr.  Rouelle  fucceeded  many  times. 

To  make  phofphorus  by  Mr.  Margraaf’s  procefs,  a kind  of  plumbum  corne- 
al m is  previouily  prepared,  by  diftilling  a mixture  of  four  pounds  of  minium 
with  two  pounds  of  powdered  fal  ammoniac,  from  which  all  the  volatile  alkali, 
which  is  very  penetrating,  is  by  this  operation  obtained.  The  refiduum  after 
the  diftillation,  that  is,  the  plumbum  corneum,  is  to  be  mixed  with  nine  or  ten 
pounds  of  extradt  of  urine  boiled  to  the  confidence  of  honey.  Margraaf  re- 
quires that  this  urine  fhould  be  putrefied,  which  is  unneceffary  according  to 
Baume’s  obfervation*1.  This  mixture  is  to  be  made  llowly  in  an  iron  caldron  fet 
upon  the  fire,  and  by  frequently  ftirring  the  matters.  Half  a pound  of  powdered 
charcoal  is  then  to  be  added,  and  evaporation  is  to  be  continued  till  the  whole  is, 
reduced  into  a black  powder.  This  powder  is  to  be  put  into  a retort,  to  extradt 
from  it,  by  a moderate  and  graduated  heat,  all  the  volatile  produdts  of  urine  ; 
that  is,  volatile  alkali,  fetid  oil,  and  an  ammoniacal  matter  which  adheres  to 
the  neck  of  the  retort.  In  this  diftillation  the  heat  is  to  be  only  raifed  fo  as  to 
make  the  matter  red  hot.  After  the  diftillation,  a black  and  friable  refiduum 

* Schlofler  (de  faleurinae  nativo)  fays,  that  a greater  quantity  of  phofphorus  may  be  procured  from 
frefh  than  from  putrid  urine.  But  Venel  (Encyclop.  tom.  xiv.  p.  923.)  thinks  it  may  be  more  eafily 
obtained  from  putrefied  urine  ; and  Pott  fays,  that  urine  when  putrefied  yields  a larger  quantity  than 
when  frefh. 
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remains,  from  which  the  phofphorus  is  to  be  extra&ed  by  a fecond  diflillation, 
and  a ftronger  heat.  Before  it  is  expofed  to  another  diflillation,  it  may  be  tried, 
by  throwing  fome  of  it  upon  hot  coals.  If  the  matter  has  been  well  prepared,  a 
fmell  of  garlic  exhales  from  it,  and  a blue  phofphorical  flame  is  feen,  undulating 
along  the  furface  of  the  hot  coals. 

This  matter  is  to  be  put  into  a good  earthen  retort  capable  of  fuftaining  a 
violent  fire.  Margraaf  recommends  retorts  of  Waldenburgh,  or  thofe  which 
are  made  near  Kirchan  in  Saxony;  but  in  France,  they  ufe  Heffian  retorts,  al- 
though they  have  the  inconvenience  of  allowing  a large  quantity  of  phofphorus 
to  tranfpireduring  the  operation.  Baume  fecures  his  retorts  with  a covering  of  clay 
and  hair.  Our  Staflordfhire  potters  make  good  earthen  retorts  for.  this  purpofe. 
See  Coating. 

Three  quarters  of  the  retort  are  to  be  filled  with  the  matter  which  is  to  yields 
the  phofphorus.  It  is  to  be  placed  in  the  common  furnace  for  diflillation  with  a 
retort;  excepting  that,  inftead  of  being  terminated  by  an  ordinary  reverberatory 
or  dome,  this  ought  to  be  terminated  by  the  upper  piece  of  an  air-furnace,  tc^ 
which  a tube  is  to  be  applied,  the  diameter  of  which  ought  to  be  from  four  to  fix 
inches,  according  to  the  fize  of  the  furnace,  and  the  height  from  eight  to  nine, 
feet.  This  apparatus,  which  Baume  ufes,  is  neceflary  for  raifing  a fufficient  heat, 
and  for  the  convenience  of  throwing  in  a fufficient  quantity  of  fuel  through  the. 
door  of  the  upper  piece  of  the  furnace.  The  retort  ought  to  be  well  luted  to  a. 
receiver  of  moderate  fize,  pierced  with  a fmall  hole,  and  half  full  of  water. 
For  this  purpofe  ordinary  fat  lute  may  be  bound  on  with  ftrips  of  linen,,  dipped 
in  a lute  prepared  with  lime  and  whites  of  eggs.  The  hole  in  the  furnace 
through  which  the  neck  of  the  retort  pafles  ought  to  be  well  flopped  with  furnace 
earth.  Laftly,  a fmall  wall  of  bricks  is  raifed  betwixt  the  furnace  and  receiver^ 
to  guard  this  veflfel  againft  heat  as  much  as  is  poflible. 

All  thefe  preparations  being  made  the  evening  before  the  diflillation  is  to  ber 
performed,  we  are  then  capable  of  proceeding  to  this  operation,  which  is  very 
eafy.  The  retort  is  to  be  heated  by  flow  degrees  during  an  hour  and  a half; 
and  then  the  heat  is  to  be  increafed  till  the  retort  be  red  hot,  and  the  phofphorus 
begins  to  pafs  in  luminous  vapours  : when  the  retort  is  almoft  of  a white-red 
heat,  the  phofphorus  pafles  in  drops,  which  fall  and  congeal  in  the  water  at  the 
bottom  of  the  receiver.  This  degree  of  heat  is  continued  till  no  more  pafles 
into  the  receiver.  When  a retort  contains  eight  pints  or  more,  this  operation 
continues  about  five  hours. 

Margraaf’s  apparatus  is  fomewhat  different  from  that  above  defcribed.  He 
divides  the  whole  quantity  of  matter  from  which  the  phofphorus  is  to  be  obtained 
into  fix  fmall  retorts,  which  he  places  in  a furnace  that  hedefcribes.  The  advan- 
tage of  this  divifion  is,  that  if  any  accident  happens  to  one  retort,  the  whole 
matter  is  not  loft ; and  as  the  retorts  are  fmaller,  a lefs  heat  is  required.  If  indeed 
much  phofphorus  was  to  be  made,  this  practice  would  be  fafe  and  excellent;  but 
Macquer  affirms,  that  the  method  above  defcribed  of  Baume  is  very  convenient 
when  a large  quantity  of  phofphorus  is  notwanted,  and  that  he  has  never  feen  it  fail. 

Phofphorus  does  not  pafs  pure  in  this  diftillaiion,  but  is  blackened  by  foot  ok 
coal,  which  it  carries  along  with  it : it  may  eafily  be  purified  and  rendered  white 
and  fine  by  a fecond  diflillation  or  rectification.  This  re&ification  is  made  in  a 
fmall  glafs  retort,  to  which  is  adjufted  a fmall  receiver  half  full  of  water.  A 
very  gentle  heat  is  fufficient,  becaufe  phofphorus  once  formed  is  very  volatile : 
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and  as  the  fuliginous  matter  with  which  it  is  foiled  was  raifed  merely  by  the  vio- 
lence of  the  heat,  it  remains  at  the  bottom  of  the  retort  in  this  diftillation,  and 
the  phofphorus  pafles  very  pure. 

The  phofphorus  is  then  ufually  divided  into  finall  cylindrical  rolls,  for  the 
convenience  of  ufing  it.  This  is  dope  by  putting  it  in  glafs  tubes  immerfed  in 
warm  water.  This  very  gentle  heat  is  fufficient  to  liquefy  the  phofphorus,  which  is 
almoft  as  fufible  as  fuet.  It  takes  the  form  of  the  glafs  tubes,  from  which  it 
may  be  taken  out  when  it  is  cold  and  hardened.  That  it  may  be  more  eafily 
taken  out  of  the  tubes,  thefe  mull  be  fomewhat  of  the  form  of  fruftums  of 
cones.  All  thefe  operations  ought  to  be  made  under  water,  to  prevent  the 
inflammation  of  the  phofphorus. 

The  proeefs  publifhed  by  Hellot  for  the  preparation  of  phofphorus  is  only 
different  from  this  in  two  refpecfts;  firft,  that  his  is  only  one  operation,  and  not 
divided  into  two,  as  Margraaf’s  is;  and,  fecondly,  that  he  does  not  ufe  plum- 
bum corneum.  The  operation  is  certainly  much  facilitated  by  Margraaf ’s  method 
©f  feparating  the  volatile  matters  of  the  urine  by  a previous  diftillation  ; becaufe 
after  that,  nothing  more  is  requifite  but  to  apply  heat  fufficient  to  raife  the 
phofphorus j which  may  be  done  in  four  or  five  hours,  whereas  without  this 
previous  operation  the  diftillation  lafts  24  hours.-  The  advantage  of  the  plum- 
bum corneum  was  long  a matter  of  doubt  ; but  fince  it  has  been  afcertained, 
that  the  acid  of  phofphorus  exifts  in  urine  in  two  combinations,  the  explanation 
has  become  eafy-  This  acid  is  combined  with  volatile  alkali  and  with  mineral 
alkali..  The  former  fait  is  decompofed  by  charcoal,,  and  gives  over  phofphorus 
with  heat,  which  the  latter  does  not.  But  when  plumbum  corneum,  or  the 
combination  of  marine  acid  with  the  calx  of  lead,  is  added,  the  marine  acid  feizes 
the  mineral  alkali,  and  forms  common  fait;  part  of  the  coal  is  employed  in  re- 
ducing the  lead,  and  another  part  in  reducing  the  difengaged  phofphoric  acid, 
which  then  comes  over  in  the  form  of  phofphorus. 

The  proeefs  for  difengaging  phofphorus  from  bones  has  already  been  deferibed 
under  the  article  phofphoric  acid,  which  fee.  The  phofphoric  glafs  obtained  in 
the  firft  inftance  from  bones,  is  not  fufficiently  deprived  of  calcareous  earth  to  be 
ufed  in  any  other  proeefs  than  that  of  making  phofphorus.  For  this  purpofe 
however  it  is  not  neceflary  to  bring  it  to  tile  confidence  of  glafs.  The  evapora- 
tion may  be  conveniently  performed  in  a copper  veflel ; and  when  the  fluid  has 
acquired  the  confidence  of  fyrup,  it  may  be  mixed  with  its  own  weight  of  char- 
coal in  powder,  and  fubmitted  to  diftillation  in  a good  earthen  retort.  Ihftead 
of  applying,  a.  receiver,  the  neck  of  the  retort  may  be  immerfed  in  a bafon  of 
water  to  a fmall  depth  ; and  the  phofphorus,  as  it  comes  over,  will  fall  in  drops 
to  the  bottom.  It  is  true  that  in  the  proeefs  thus  managed  there  will  be  appa- 
rently much  phofphorus  burned  by  the  admiflion  of  die  common  air,  which  now 
and  then  pafles  into  the  neck  of  the  retort,  whenever  the  abforption  of  the  water 
caufes  its  furface  to  fall  below  the  aperture ; but  this  quantity  is  really  incon- 
fiderable,.  and  is  compenfated  by  the  fimplicity  and  facility  of  the  proeefs..  The 
operator  muft  be  careful  that  the  neck  of  the  retort  be  not  plunged  to  too  great 
a depth  ; becaufe  in  this  cafe  the  water  would  pafs  into  the  body  of  the  retort  at 
the  time  of  abforption,  before  the  furface  of  the  water  in  the  bafoii  had  fallen 
fufficiently  to  admit  the  air.  The  phofphorus  comes  over  as  foon  as  the  retort  is 
red  hot;  and  when  the  drops  ceafe,  the  whole  apparatus'  muft  be  fuffered  to  cool. 
It  has  the  form  of  reddifh  wax  or  tallow  ; and  may  be  prelfed  together  under  the 
water  while  it  is  yet  warm.  If  this  be  done  with  the  naked  hand,  great  care  muft 
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be  taken,  that  no  particle  fliall  remain  flicking  to  the  hands,  cr  under  the  nails; 
as  fuch  a particle,  by  taking  fire  when  brought  into  the  air,  might  produce  very- 
painful  and  difagreeable  confequences.  It  may  be  moulded  into  flicks,  by 
putting  the  pieces  into  fmall  conical  tubes  of  glafs,  clofed  at  one  end,  and  fixed 
upright  in  a piece  of  wood,  the  whole  being  immerfed  under  water : on  heating 
the  water,  the  phofphorus  will  melt,  and  take  the  defired  form.  The  impurities 
that  rife  to  the  upper  ends  of  the  tubes  may  be  cut  off  when  taken  out,  which 
muft  not  be  done  till,  all  is  cool. 

Phofphorus  may  be  had  exceedingly  pure  by  ftraining  it  through  a leather  bag 
immerfed  in  hot  water  ; or,  which  is  liill  better,  by  diftilling  it  a fecond  time  with  a 
very  gentle  heat,  as  already  mentioned.  The  blackifh  colour  of  phofphorus  is 
afcribed  to  a portion  of  phofphoric  acid  which  is  mixed  with  it.  This  difappears  al- 
moft  entirely  by  boiling  with  a fmall  quantity  of  volatile  alkali ; and  if  the  phof- 
phorus be  boiled  two  or  three  fucceffive  times  in  ardent  fpirit,  it  becomes  per- 
fectly tranfparent,  and  of  a beautiful  opal  colour,  with  very  little  lofs  of  weight. 

Phofphorus  muft  be  kept  in  a bottle  of  water,  to  prevent  its  gradual  com- 
buftion. 

The  method  of  procuring  phofphorus  by  diftillation  from  urine  was  fuperfeded 
by  the  eafier  method  of  Scheele,  by  which  it  is  obtained  from  bones.  This 
method  is  accordingly  ufed  by  mod  chemifts  ; but  M.  Giobert  of  Turin  has 
fince  improved  the  procefs  with  urine  fo  much  as  to  exceed  in  fimplicity  and 
cheapnefs  that  of  Scheele  ; infomuch  that  the  phofphorus  may,  without  any  offen- 
five  operation,  be  procured  with  convenience  and  certainty  in  the  courfe  of  a 
day,  or  even  a few  hours,  if  the  quantity  be  fmall.  From  the  confideration  of  what 
happens  by  the  addition  of  plumbum  corneum  in  the  diftillation  of  phofphorus, 
this  chemift  inferred  that  the  marine  acid  feized  the  volatile  and  mineral  alkalis  of 
the  urine,  while  the  difengaged  phofphoric  acid  combined'  with  the  lead,  and 
formed  a compound  confifting  of  two  parts,  both  reducible  by  charcoal,  but  not 
both  volatile  and  therefore  feparable  by  heat.  It  might  however  be  queftioned, 
as  far  as  could  be  deduced  from  experiment  in  the  dry  way,  whether  the  charcoal 
were  not  originally  Concerned  in  thedecompofition,  and  whether  the  affinities  were 
not  different  in  a lower  temperature,  as  is  feen  in  other  chemical  faCts.  Hence  it 
remained  to  be  tried,  whether  the  combination  would  equally  take  place  in  the 
humid  way,  or  with  pure  urine,  without  any  previous  concentration  by  the  difguft- 
ing  procefs  of  evaporation.  For  if  the  decompofition  of  the  phofphoric  falts 
could  be  had  by  the  intermedium  of  the  marine  fait  of  lead,  or  any  other  metallic 
fait,  and  the  metal  were  to  fall  down  in  the  form  of  an  infoluble  compound  with 
the  phofphoric  acid;  this  compound  might  be  edulcorated  and  expofed  to  diftil- 
lation with  charcoal.  M.  Giobert  had  obferved  that  the  phofphoric  acid,  by 
fimple  elective  attraction,  is  capable  of  decompofing  the  acetous  and  even  the 
nitrous  falts  of  lead.  He  had,  therefore,  every  reafon  to  expeCl  fuccefs  by 
double  affinity  with  urine.  The  fuccefs  was  equal  to  his  expectation.  Sugar  of 
lead,  or  tire  combination  of  lead  with  vinegar,  was  added  to  urine.  A precipi- 
tate fell  down,  on  which  he  poured  vitriolic  acid.  The  fupernatant  liquor  being 
decanted,  and  faturated  with  volatile  alkali,  proved  to  be  a phofphoric  fait,  and 
the  nearly  infoluble  refidue  was  vitriolated  lead.  From  thefe  faCts  it  was  clear, 
that  the  firft  precipitate  was  phofphorated  lead,  that  the  vitriolic  acid  feized  the 
lead,  and  difengaged  the  phofphoric,  and  that  this  laft  formed  a neutral  fait  by 
the  addition  of  volatile  alkali. 

This  is  a ready  method  of  procuring  phofphorated  volatile  alkali  for  eflays  by 
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the  blow-pipe,  and  may  be  more  cheaply  performed  by  the  addition  of  vitriolic 
ammoniac,  which  is  the  produd  of  various  operations,  lefs  expenfive  than  thofe 
by  which  the  acid  and  alkali  are  obtained  feparate.  Mild  volatile  alkali  will  alfo 
decompofe  the  phofphorated  lead  ; but  in  this  cafe  a triple  compound  of  phof- 
phoric  acid,  volatile  alkali,  and  calx  of  lead  is  obtained.  No  fucheffed  happens 
with  the  vitriolic  ammoniac. 

As  the  phofphorated  lead  affords  phofphorus  by  diftillation  with  charcoal,  fo 
may  the  experiment  be  performed  with  advantage  with  other  metallic  falts. 
M.  Giobert,  however,  found  lead  the  beft.  The  vitriol  of  zinc  decompofes 
the  refinous  falts  very  well,  but  the  volatility  of  this  metal  greatly  embarraffes 
the  fubfequent  operation.  For  though  the  phofphorus  appears  to  rife  with  rather 
more  facility  than  the  zinc,  yet  the  greater  part  of  the  produd  is  phofphorated 
zinc,  which  fublimes  in  the  retort.  Mercury  is  fubjed  to  an  objedion  of  a 
fimilar  kind. 

The  quantity  of  urine  for  making  phofphorus  may  be  procured  at  the  hofpitals^ 
or,  if  more  convenient,  at  the  (tables ; for  M.  Giobert  did  not  find  any  difference 
of  importance  in  the  urine  of  men  or  horfes,  or  whether  in  health  or  fick.  He 
thinks  frefh  urine  preferable  to  that  which  has  putrefied,  or  at  lead  not  inferior 
to  it.  A folution  of  lead  is  then  to  be  made  in  the  nitrous  acid,  and  poured  by  a 
little  at  a time  into  the  urine*  until  no  more  precipitate  is  afforded,  as  may  be 
afcertained  in  the  ufual  way  by  trial  with  fmaller  portions  taken  out.  The  whole 
mixture  muff  then  be  diluted  with  much  water  to  rarefy  the  extradive  matter. 
By  draining  through  a cloth,  the  watery  liquid  is  feparated  from  the  precipitate. 
M.  Giobert  does  not  fay  whether  it  would  be  any  objed  of  profit  to  recover  the 
nitrous  falts  from  the  folution.  The  precipitate  is  to  be  made  into  a pade  with  char- 
coal, and  well  dried  in  an  iron  or  rather  a copper  pot.  It  is  then  fit  for  diftillation. 
An  oily  alkaline  fluid  fird  comes  over,  then  a fmall  portion  of  empyreumatic  oil, 
both  which  arife  from  the  urine  left  in  the  interdices  of  the  precipitate.  As  foon 
as  the  oil  has  ceafed  to  come  over,  the  receiver  mud  be  changed,  the  fire  raifed, 
and  a receiver  with  water  (fete  Apparatus)  fubdituted,  as  in  the  ordinary 
method.  The  phofphorus  fometimes  begins  to  appear  in  about  half  an  hour, 
and  the  accompli  fitment  of  an  operation,  which  affords  12  or  14  ounces  of 
phofphorus,  is  eafily  effeded  in  eight  hours.  The  author  thinks  that  a lefs 
degree  of  heat  is  requifite  than  in  the  procefs  with  bones. 

Sugar  of  lead  may  be  ufed  indead  of  the  nitrous  folution,  in  all  places  where 
its  cheapnefs  as  an  article  of  commerce  may  render  it  preferable.  But  in  this  cafe, 
much  of  the  lead  falls  down  in  the  form  of  calx,  and  it  is  alfo  neceffary  to  keep 
the  urine  for  fome  hours  in  digedion  (I  (uppofe  with  heat)  after  the  fugar  of  lead 
is  added.  The  precipitation  of  more  calx  may  be  in  fome  meafure  remedied  by 
the  previous  addition  of  vinegar. 

M.  Giobert  remarks,  that  it  is  not  eafy  to  determine  with  exadnefs  the  quan- 
tity of  phofphorus  obtained  from  a given  quantity  of  the  precipitate,'  as  it  feems 
in  fome  meafure  to  depend  on  the  nature  of  the  urine,  and  certainly  upon  the 
care  ufed  in  the  edulcoration.  When  the  precipitate  of  lead  is  well  walked  and 
faturated  completely  with  phofphoric  acid,  he  thinks  his  experiments  indicate 
that  100  parts  of  the  phofphorated  lead  afford  14  or  18  parts  of  phofphorus: 
The  lead  is  found  reduced  in  the  retort,  and  in  part  repays  the  charges.  The 
phofphorus  is  foiled  by  the  oily  matter  it  diflolves  in  palling  through  the  neck 
of  the  retort,  but  it  may  be  eafily  purified  by  the  well  known  procefies. 
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The  acidification  of  phofphorus  is  treated  of  under  the  article  Acid  Phospho- 
ric, which  fee. 

Phofphorus  combines  with  the  cauftic  fixed  alkalis  in  a boiling  heat,  and  forms 
an  hepar;  during  which  a peculiar  elaftic  fluid  is  given  out,  which  poflefles  the 
remarkable  property  of  taking  fire  as  foon  as  it  communicates  with  the  air  of  the 
atmofphere.  This  air  has  evidently  the  fame  relation  to  phofphorus  as  the  com- 
mon hepatic  has  to  fulphur;  and,  like  that,  it  probably  confifts  of  a folution  of 
the  phofphorus  in  inflammable  air.  See  Air  Phosphoric. 

Sulphur  and  phofphorus  unite  by  fufion,  and  form  a folid  compound  of  a 
fetid  fme'll,  which  burns  wijh  a yellow  flame,  and  fwells  in  water;  at  the  fame 
time  communicating  acidity  to  that  fluid,  and  emitting  a fmell  of  hepatic  air. 
All  kinds  of  oils  diflolve  phofphorus,  and  are  rendered  luminous  by  it ; feveral 
efiential  oils  form  a folution  which  takes  fire  by  expofure  to  the  air,  probably  in 
confequence  of  the  emiffion  of  phofphoric  air.  The  butter  of  wax,  which  con- 
fifts of  wax  deprived  of  part  of  its  acid  by  diftillation,  is  faid  to  be  the  propereft 
material  for  producing  this  eftedt. 

The  combuftible  property  of  phofpliorus  has  been  lately  applied  in  various 
ways  to  procure  fire;  but  the  danger  of  fpontaneous  accenfion  in  improper  fitua- 
tions,  and  the  expence,  have  prevented  its  coming  at  all  in  competition  with  the 
ordinary  method  of  flint  and  Heel.  The  phofphoric  contrivances  are  a phofphoric 
taper  or  match,  and  a bottle,  the  method  of  making  which  is  as  follows; 

1.  The  raoft  Ample  procefs  for  making  the  phofphoric  matches  confifts,  in 
taking  a glafs  tube,  four  inches  long,  and  one  line  in  diameter,  clofed  at  one 
end.  A fmall  quantity  of  phofphorus  is  introduced  into  the  tube,  and  pulhed  to 
its  further  end  j after  which  a taper  covered  with  a fmall  quantity  of  wax  is  intro- 
duced into  the  fame  tube.  The  open  end  is  then  hermetically  fealed,  and  the 
other  end  is  plunged  into  boiling  water.  The  phofphorus  melts,  and  fixes  itfelf 
upon  the  match, 

A line  is  drawn  at  one-third  of  the  length  of  the  tube,  with  a flint,  that  it  may- 
be broken  as  occafion  may  require. 

The  match  is  to  be  drawn  out  quickly,  to  inflame  the  phofphorus. 

The  procefs  of  Mr.  Lewis  Peyla,  to  make  the  inflammable  bougies,  confifts  in 
taking  a glafs  tube,  five  inches  long  and  two  lines  wide,  one  end  of  which  is 
fealed  with  the  blow-pipe.  Small  tapers  of  wax  are  prepared  with  three  double 
threads  of  cotton  twilled  together.  The  extremity  of  the  match  or  taper  is  half 
an  inch  long,  and  mud  not  be  covered  with  wax. 

A piece  of  lead  is  laid  in  a faucer  filled  with  water;  and  upon  this  the  phof- 
phorus is  cut,  beneath  the  water,  into  fragments  of  the  fize  of  a grain  of  millet. 
One  of  thefe  grains  is  to  be  dried  and  introduced  into  the  tube  of  glafs;  after 
which  the  fortieth  part  of  a grain  of  very  dry  fulphur  is  to  be  added,  that  is  to 
fay,  half  the  weight  of  the  phofphorus.  One  of  the  bougies  is  then  taken,  and 
its  extremity  dipped  in  very  clear  oil  of  wax.  If  too  large  a quantity  rifes,  h 
mud  be  dried  with  a cloth. 

The  match  is  introduced  into  the  tube,  with  a turning  or  twilling  motion 
between  the  fingers. 

The  bottom  of  the  tube  mull  then  be  plunged  into  boiling  water  to  foften  the 
phofphorus  j obferving  to  keep  it  no  longer  than  three  or  four  feconds  in  the 
water. 

The  other  extremity  of  the  tube  is  afterwards  fealed. 
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Thefe  bougies  muft  be  kept  in  a tin  tube,  to  avoid  the  danger  of  inflam- 
mation. 

2.  To  form  the  phofphoric  bottles,  a glafs  bottle  is  heated  by  fixing  it  in  a 
ladle  full  offand,  and  two  or  three  fmall  pieces  ofphofphorus  are  then  introduced 
into  it.  A fmall  red-hot  iron  wire  is  ufed  to  flir  the  phofphorus  about,  and  caufe 
it  to  adhere  to  the  internal  furface  of  the  bottle,  where  it  forms  a reddifh  coat- 
ing. The  heated  wire  is  introduced  repeatedly;  and  when  all  the  phofphorus  is 
thus  diftributed  within  the  bottle,  it  is  left  open  for  a quarter  of  an  hour,  and 
afterwards  corked.  When  this  is  ufed,  a common  match  tipped  with  fulphur  is 
introduced  into  the  bottle,  turned  round,  and  quickly  drawn  out.  The  phof- 
phorus which  flicks  to  the  fulphur  takes  fire,  and  lights  the  match. 

The  theory  of  this  phenomenon  depends  on  the  circumflance  that  the  phof- 
phorus is  flrongly  dried  or  half  calcined,  and  needs  Only  the  conta6l  of  air  to  fet 
it  on  fire. 

Very  ftrong  ardent  fpirit  diflolves  a portion  of  phofphorus  when  cold, 
and  more  when  heated,  which  is  again  feparated  by  cooling.  Metals  do  not 
readily  combine  with  this  fubflance  when  fimply  heated  with  it ; but  when  the 
phofphoric  acid,  together  with  charcoal,  is  expofed  to  a ftrong  heat,  a confider- 
able  number  of  the  metals  may  be  made  to  unite  with  it,  probably  in  confequence 
of  their  being  previoufly  calcined  by  the  acid.  See  the  feveral  metals. 

Chaptal  conjeftures  that  the  luminous  matter  of  the  glow-worm,  lampyris 
fplendidula  Linnafi,  and  other  lucid  animals,  is  a combination  of  phofphorus  and 
oil.  Forfter  of  Gottingen  obferves,  that  the  fhining  matter  of  the  glow-worm 
is  liquid.  If  the  glow-worm  be  crufhed  between  the  fingers,  the  phofphorefcence 
remains  on  the  finger.  Henckel  reports,  in  the  eighth  differtation  of  his  Pyri- 
tologia,  that  one  of  his  friends,  of  a fanguine  temperament,  after  having  danced 
much,  perfpired  to  fuch  a degree  that  he  thought  his  life  in  danger.  While  he 
undrefted,  traces  of  phofphoric  flame  were  feen  on  his  fhirt,  which  left  yellow- 
red  fpots  behind  them,  refembling  the  refidue  of  burnt  phofphorus : this  light 
was  long  vifible. 

PHOSPHORIC  STONES,  or  EARTHY  PHOSPHORI.  Thefe  ftones 
when  properly  calcined  have  the  property  of  fhining  in  the  dark.  The  moft 
celebrated  and  moft  anciently  known  phofphorus  of  this  kind  is  that  called  the 
Bolognian  ftone,  from  Bologna,  a city  of  Italy,  near  which  this  ftone  is  found. 
See  Bolognian  Stone.  It  is  the  ponderous  fpar. 

The  marine  fait  of  lime  is  eafily  fufed,  and,  being  poured  into  a clean  iron 
mortar,  appears  when  cold  of  a yellowifh  white  colour,  and  femi-trarifparent  like 
horn.  It  is  luminous  when  ftruck  in  the  dark,  and  thence  was  called  a phof- 
phorus by  Homberg.  The  experiment  does  not  always  fucceed,  probably  for 
want  of  combuftible  matter,  which  is  ufually  prefent  when  this  compound  is 
obtained  from  the  refidue  of  impure  fal  ammoniac  diftilled  from  lime.  Solution 
of  chalk  in  the  nitrous  acid  forms  on  evaporation  a tenacious  mafs  like  turpen- 
tine, which,  dried  and  calcined  a little,  proves  luminous  in  the  dark.  This 
phofphorus  is  ufually  diftinguiflied  by  the  name  of  its  firft  difcoverer,  Baldwin: 
it  is  called  alfo  phofphorus  hermetictis,  from  its  being  kept  in  hermetically  fealed 
glafles  to  fecure  it  from  the  air.  It  differs  from  fome  other  natural  phofphori,  in 
appearing  in  fome  degree  luminous  after  expofure  to  the  light  of  a taper,  as  well 
as  of  the  fun. 

The  effett  of  the  earthy  phofphori  feems  to  depend  on  a degree  of  flow  com- 
buftion,  not  yet  well  explained.  Thefe  fubftances  feem  to  refume  vital  air  and 
moifture  from  the  atmofphere,  and  emit  light  either  on  the  principle  of  common 
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combuftion,  or  from  previous  abforption.  According  to  this  laft  opinion,  the 
fhining  of  phofphori,  after  expofure  to  light,  is  not  a mere  combuftion  produced 
by  the  a&ionof  the  luminous  body,  but  an  abforption  and  emillion  of  the  matter 
of  light. 

The  late  Mr.  Canton  gave  a receipt  for  making  an  artificial  phofphorus,  greatly' 
fuperior  to  any  fingle  natural  fubftance,  with  the  additional  advantage  of  being 
very  eafily  and  cheaply  prepared.  His  receipt  is  as  follows  : Calcine  fome  common 
oyfter  (hells,  by  keeping  them  in  a good  coal  fire  for  half  an  hour,  and  let  the  pureft 
part  of  the  calx  be  pulverized  and  lifted.  Mix  with  three  parts  of  this  powder, 
one  part  of  the  flowers  of  fulphur;  let  this  mixture  be  rammed  into  a crucible  of 
about  an  inch  and  a half  in  depth  till  it  be  almoft  full,  and  let  it  be  placed  in  the 
middle  of  the  fire,  where  it  muft  be  kept  red-hot  for  one  hour  at  leaft,  and 
then  fet  by  to  cool.  When  it  is  cold,  turn  it  out  of  the  crucible,  and,  cutting  or 
breaking  it  to  pieces,  fcrape  off,  upon  trial,  the  brighteft  parts ; which,  if  good 
phofphorus,  will  be  a white  powder,  and  may  be  preferved  by  keeping  it  in  a 
dry  phial  with  a ground  ftopple. 

The  quantity  of  light  which  a little  of  this  phofphorus  gives,  when  firft  brought 
into  a dark  room,  after  it  has  been  expofed  for  a few  feconds  on  the  outfide  of  a 
window,  to  the  common  light  of  the  day,  is  fufficient  to  difcover  the  time  by  a 
watch,  if  the  eyes  have  been  (hut,  or  in  the  dark,  for  two  or  three  minutes  before. 

By  this  phofphorus  celeftial  objefts  may  be  very  well  reprefented,  as  Saturn 
and  his  ring,  the  phafes  of  the  moon,  &c.  if  the  figures  of  them  made  of  wood, 
be  wetted  with  the  white  of  an  egg,  and  then  covered  with  the  phofphorus.  And 
thefe  figures  appear  to  be  as  ftrongly  illuminated  in  the  night,  by  the  flafh  from  at 
near  difcharge  of  an  eledtrified  bottle,  as  by  the  light  of  the  day. 

John  Baptift  Beccaria  difcovered  that  the  fulphureo-calcareous  phofphorus- 
imbibed  the  peculiar  coloured  rays  to  which  it  had  been  expofed.  Thus  having 
expofed  different  phofphoric  pieces  to  rays  of  the  fun,  tranfmitted  through  green, 
yellow,  and  red  cryftals,  he  obferved  that  each  of  them,  when  afterwards  viewed 
in  the  dark,  exhibited  that  colour  to  which  it  had  been  expofed. 

PIMENTO.  See  Pepper  (Jamaica). 

PIPE-CLAY.  The  difference  between  the  porcelain  clay  and  thofe  of  more 
moderate  purity,  called  pipe- clays,  of  which  we  have  plenty  in  Devonfhire,  is 
commonly,  that  the  former  remains  white  when  burned  in  an  open  fire;  but  the 
latter,  containing  a portion  of  mineral  oil,  becomes  of  a blueilh-gray  in  a mode- 
rate heat,  by  the  coal  produced  by  this  combuftion.  A ftronger  heat,  however, 
will  perfectly  confume  this  coal,  and  reftore  the  whitenefs.  On  the  whole, 
however,  it  appears  rather  as  if  this  diftin&ion  between  the  clays  ufed  in  pottery 
were  grounded  on  the  nature  of  the  produdt  they  afford,  than  on  any  very  evideni 
property  afcertainable  before  they  are  wrought  and  baked. 

P1SOLITHES.  A ftaladtitical  calcareous  (tone  of  a gray  colour,  arifing 
from  calx  of  iron. 

PITCH.  Tar  boiled  down  to  drynefs  is  the  common  black  pitch:  this  part 
of  the  procefs  is  commonly  performed  in  a (till,  in  order  to  fave  an  eflential  oil 
which  arifes  in  the  boiling,  and  which  is  called,  from  the  name  of  the  tree  which 
tar  is  principally  prepared  from,  oleum  pini,  and  oleum  ttedte.  This  oil  is 
greatly  valued  by  painters,  varnifhers,  &c.  on  account  of  its  drying  quality : it 
loon  thickens  of  itlelf,  almoft  to  the  confidence  of  a balfam.  Along  with  the  oil 
there  comes  over  a watery  liquor,  which  the  workmen  injudicioufly  throw  away  : 
it  is  a good  acid  fpirit,  capable  of  being  applied  to  fundry  ufeful  purpofes.  Neu- 
mann knew  a perfon  in  France  who  faved  by  it  feveral  thoufand  dollars. 
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Pitch  is  not  a pure  and  perfedl  refm  : it  has  not  only  differed  a notable  change 
from  the  heat  employed  in  its  preparation,  but  likewife  participates  of  the  other 
principles  of  the  wood  of  a gummy  and  faline  nature,  and  of  a burnt  earth. 
Hence  its  difpofition  to  feparate  and  precipitate  when  melted  with  oils,  fats,  and 
refins,  into  plafters  and  ointments ; and  hence  it  is  gradually  corroded  by  air  and 
moifture,  when  employed  as  a cement  or  defence  for  wood  or  other  fubftances,  in 
(hips,  land-carriages,  cifterns,  calks,  fhingle  coverings  for  houfes,  Sec.  Ship- 
builders endeavour  to  improve  their  tar  and  pitch,  fo  as  to  render  them  more 
durable,  by  various  additions. 

Two  ounces  of  dry  pitch  treated  by  Neumann  with  redlified  fpirit  of  wine, 
gave  but  one  ounce  and  half  a fcruple  of  refinous  extradt : half  an  ounce  of  em- 
pyreumatic  oil  feparated  during  the  digeftion,  and  there  remained  undiflolved 
half  an  ounce  of  earthy  matter,  from  which  water  would  extradt  nothing.  The 
fame  quantity  of  the  fame  pitch  boiled  at  firft  in  water,  yielded  two  drams  and 
half  a fcruple  of  gummy  extradt ; from  the  remainder  neverthelefs  were  obtained 
ten  drams  of  fpirituous  extradt,  that  is,  near  two  drams  more  than  when  fpirii 
was  applied  at  firft,  the  indifloluble  part  amounting  as  before  to  half  an  ounce. 
The  diftilled  water  fmelled  and  tailed  almoft  like  red  herrings : the  fpirit  had 
no  remarkable  impregnation.  Eight  ounces  of  pitch,  diftilled  in  an  open  fire, 
yielded  two  ounces  one  dram  and  a half  of  an  acid  fpirit,  and  two  ounces  five 
drams  of  a fetid  oil,  three  ounces  of  a lhining  black  coal  remaining  in  the  re- 
tort. 

The  foot  which  arifes  in  the  burning  of  pitch,  is  the  fubftance  commonly 
fold  under  the  name  of  lamp  black  : in  France,  the  pitch  is  burnt  for  this  pur- 
pofe  in  a kind  of  furnace  made  of  tiles,  fo  difpofed  as  to  prevent  the  efcape  of 
the  fmoke. 

Lewis  informs  us  that  what  is  called  lamp-black  (originally  the  foot  colledled 
from  lamps)  is  obtained,  in  different  parts  of  Germany,  Sweden,  See.  not  from 
pure  refin  or  pitch,  but  from  the  dregs  and  pieces  of  bark  of  the  tree  feparated 
in  their  preparation.  For  making  common  refin,  the  impure  juice  colledted 
from  incifions  in  pines  and  fir-trees,  is  boiled  down  with  a little  water,  and 
ftrained  whilft  hot  through  a fack  : on  cooling,  the -refin  congeals  upon  the  fur- 
face  of  the  water,  and  is  then  packed  up  in  barrels  ; it  is  diftinguilhed  according 
to  its  colour,  into  white,  yellow,  and  brown.  The  drofs  left  on  draining,  is 
burnt  for  lamp-black,  in  a low  oven,  from  which  the  fmoke  is  conveyed  by  a 
long  paffage  into  a fquare  chamber,  having  an  aperture  in  the  top,  upon  which 
a large  fack  is  fattened : .the  foot  concretes  partly  in  the  fack,  which  is  occafion- 
ally  removed,  and  partly  in  the  chamber  and  canal,  from  which  it  is  fwept 
out. 

Lamp-black  is  more  oily  or  refinous  than  the  common  wood  foot : it  give* 
out  more  to  fpirit  and  lefs  to  water  by  infufion,  and  yields  a larger  quantity  of 
oil  on  diftiilation.  Mixed  with  boiled  oil,  and  a little  boiled  turpentine,  it  forms 
the  black  compofition  ufed  as  ink  in  printing.  See  Ink,  alfo  Pyrophorus. 

PITCH  BLENDE.  See  Pech-blende. 

PITCH  (JEWS).  See  Asphaltum. 

PIT-COAL.  See  Coal. 

PLANTS.  See  Vegetable  Kingdom. 

PLASTER  OF  PARIS.  See  Earth  Calcareous. 

PLATINA  is  one  of  the  metals  for  the  difeovery  of  which  we  are  indebted 
to  our  contemporaries.  It  has  yet  been  found  only  in  Spanilh  America  among 
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the  gold  mines  there.  We  receive  it  in  the  form  of  fmall  particles,  from  the 
minuteft  fize  up  to  that  of  a pea;  though  thefe  laft  are  very  feldom  met  with. 
Its  particles  or  grains  are  fmooth,  irregularly  figured  with  round  edges,  and  are 
flattened,  probably  by  hammering  in  the  mills  in  which  the  gold  is  amalgamated. 
Thefe  grains  are  of  a whiter  colour  than  iron,  and  are  confiderably  malleable. 
In  the  ftate  in  which  we  receive  them,  they  are  often  mixed  with  ferruginous 
fand,  which  may  be  feparated  by  the  magnet;  and  alfo  with  grains  of  quartz  or 
cryftal.  When  it  is  feparated  from  heterogeneous  particles,  the  crude  platina 
itfelf  is  flighdy  magnetic,  and  is  between  fixteen  and  eighteen  times  as  heavy  as 
water.  The  moft  violent  fires  are  inefficient  to  melt  it,  though  its  parts  may  be 
made  to  cohere  together  into  a folid  button  by  the  ftrong  heat  of  a wind  furnace.. 
Burning  lenfes  of  the  moft  powerful  kind  fufe  it,  and  convert  it  into  a malleable 
metal ; and  fmall  portions  of  crude  platina  may  be  eafily  melted  upon  charcoal,, 
by  flame  urged  by  a ftream  of  vital  air. 

Pure  or  refined  platina  is  by  much  the  heavieft  body  in  nature.  It  is  very 
malleable,  though  confiderably  harder  than  eidier  gold  or  filver  ; and  it  hardens, 
much  under  the  hammer.  Its  colour  on  the  touch-ftone  is  not  diftinguifhable. 
from  that  of  filver.  When  in  the  higheft  degree  of  purity,  it  is  not  magnetical; 
but  when  its  fpecific  gravity  i.s  as  low  as  21.36  it  contains  iron  fufficient  to  render 
it  magnetical.  Pure  platina  requires  a very  ftrong  heat  to  melt  it;  but  when 
urged  by  a white  heat,  it  is  faid  that  its  parts  will  adhere  together  by  hammering.. 
This  property,  which  in  iron  is  diftinguifhed  by  the  name  of  welding,  is  peculiar 
only  to  platina  and  that  metal,  which  referable  each  other  likewife  in  their  in-. 
fufibility. 

Platina  is  not  altered  by  expofure  to  air;  neither  is  it  a£ted  upon  by  the  moft 
concentrated  fimple  acids,  even  when  boiling,  or  diftilled  from  it.  The  de-. 
phlogifticated  or  aerated  marine  acid  diflolves  it,  as  does  likewife  aqua  regia ; and. 
both  are  faid  to  form  the  fame  falts  with  it.  In  this  particular  of  folubility  pla- 
tina refembles  gold.. 

The  aqua  regia  beft  adapted  to  the  folution  of  platina,  is  compofed  of  equal; 
parts  of  the  nitrous  and  marine  acids..  The  folution  does  not  take  place  with, 
rapidity.  A fmall  quantity  of  nitrous  air  is  difengaged,  the  colour  of  the  fluid 
becoming  firft  yellow,  and  afterwards  of  a deep  reddifh  brown,  which,  upon, 
dilution  with  water,  is  found  to  be  an  intenle  yellow..  This  folution  is  very  cor^ 
rolive,.  and  tinges  animal  matters  of  a blackifli- brown  colour:  it  affords  cryftals 
by  evaporation.  The  metal  is  precipitable  from  its  folution  by  fal  ammoniac.;  a 
property  by  which  it  is  diftinguifhed  from  all  other  metals,  in  the  fame  manner 
as  the  folution  of  gold,  is  characterized  by  its  precipitation,  upon  the  addition  of 
martial  vitriol.  In  this  way,  a compound  folution  of  gold  and  platina  may  be. 
feparated  by  precipitating  either  of  the  two  metals  at  pleafure.  The  orange-co-. 
loured  precipitate  of  platina,  obtained  by  means  of  fal  ammoniac,  is  a falinq 
fubftance,  completely  foluble  in  water  ; but  its  component  parts  have  not  been, 
well,  afcertained.  It  is  fufible  without  addition  by  a good  forge  furnace,  and, 
forms  a brilliant,  denfe,  and  clofe-grained  button,  which  is  not  malleable,  pro. 
ba.bly  on  account  of  part  of  the  faline  fubftance  not  being  diffipated. 

The  fame  precipitate  expofed  to  the  ftronger  heat  of  a blaft  furnace,  was 
fufed  into  a perfectly  malleable  regulus  by  the  Count  de  Mill.y.  See  Magellan’s. 
Cronftedt,  page  574.  I have  feveral  fpecimens  of  this  platina,  which  is  in  thin 
plates  or  bars ; their  fpecific  gravity  is  above  214 ; in  which  1 do  not  pretend  to 
a greater  accuracy  than  i-20o.th  jpart  of  the  weight,  becaufe  the  quantities  are  fq 
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fmall.  It  is  perfe&ly  malleable,  hard,  and  elaftic,  and  obeys  a ftrong  magnet 
when  the  pieces  are  floated  upon  water:  one  fmall  piece  which  was  fufed  by 
Parker’s  lens  is  not  at  all  magnetical,  and  feems  to  exceed  22  in  fpecific  gravity. 
Dr.  Ingenhoufz  pofTeffes  mafles  of  platina  of  feveral  ounces  produced  in  this  way 
and  by  welding.  For  this  laft  purpofe  the  mafs  at  the  white  end  is  put  into  a tube 
of  iron,  and  fuddenly  compreffed  together  by  a heavy  blow.  This  platina  is  very 
malleable,  and  has  been  made  into  ornaments,  fine  wire,  and  other  articles. 

Alkalis,  and  the  foluble  earths,  decompofe  the  folution  of  platina,  and  preci- 
pitate the  metal  in  the  form  of  a calx.  Mild  vegetable  alkali  produces  an  orange 
precipitate  in  the  folution  of  platina.  This  precipitate  is  not  a calx  of  pure  pla- 
tina. Meffrs.  Macquer  and  Baume  have  obferved,  that  it  owes  its  colour  to  its 
containing  a certain  quantity  of  acid.  It  is  therefore  to  be  confidered  as  a mix- 
ture of  calx  of  platina  with  muriated  vegetable  alkali,  or  a kind  of  triple  fait. 
A proof  of  this  opinion  is,  that  when  this  precipitate  is  wafhed  with  hot  water, 
the  fluid  acquires  a colour  by  diffolving  the  fait  of  platina,  and  the  refidue  is 
pure  calx  of  platina  of  a gray  colour.  Fixed  alkali,  boiled  on  this  precipitate, 
inftantly  deprives  it  of  its  colour,  leaving  a calx  of  platina,  of  a gray-white 
pearl  colour,  according  to  the  experiments  of  M.  Baume.  That  chemift  afcer- 
tained  that  the  precipitate  of  platina  is  foluble  in  alkali;  for,  on  pouring  a folution 
of  the  metal  into  a hot  folution  of  mild  vegetable  alkali,  he  found  no  precipitate 
produced:  and  the  folution,  precipitated  by  fixed  alkali,  always  retains,  on  this, 
account,  a deep  colour;  and  platina  may  be  eafily  obtained  by  evaporating  it  to 
drynefs.  Margraaf  difcovered,  that  foda  does  not  precipitate  the  folution  of 
platina  : but  Bergman  has  obferved,  that  on  putting  into  it  a great  quantity  of 
this  alkali,  there  is  a precipitate  fpeedily  enough  produced. 

Bergman  informs  us  that  an  alkaline  pruffiate,  highly  faturated  and  very  pure,, 
does  not  precipitate  the  folution  of  platina ; and  that  this  metal  is  the  only  one 
not  liable  to  be  precipitated  by  this  re-agent ; and  he  therefore  propofes  it  for  fe- 
parating  the  iron,  which  is  always  in  union  with  platina. 

Cauftic  volatile  alkali  produces  an  orange  precipitate  in  the  folution  of  platina* 
This  precipitate  is  almoft  entirely  faline ; for  water  diffolves  moft  part  of  it, 
taking  a colour  like  that  of  the  folution  of  gold.  After  the  water  has  atffed  on 
this  precipitate,  there  remains  a blackifh  fubftance,  which  appears  to  be  ferrugi- 
nous. One  effential  difference  between  the  precipitate  of  platina  and  that  of 
gold  by  ammoniac  is,  that  the  former  is  not  fulminating  like  the  latter. 

Infufion  of  the  nut-gall  produces,  in  the  folution  of  platina,  a deep  green 
precipitate,  which  becomes  gradually  pale  by  reft. 

All  precipitates  of  the  folution  of  platina  obtained  by  alkaline  matters,,  are 
unfit  for  vitrifying  and  colouring  glafs  by  furnace  fires.  In  the  attempts. made 
by  Mefl'rs.  Lewis  and  Baume  to  accomplifh  this,  the  platina  was  always  reduced 
to  grains,  which  were  arranged  in  ramifications,  or  a kind  of  checquer  work.. 
Platina  may  be  obtained  in  a fort  of  button,  by  expofing  thefe  precipitates  to 
heat,  together  with  fome  red uftive  fluxes,  fuch  as  borax,  cream  of  tartar,  glafs,. 
&c,  Meffrs.  Macquer  and  Baume  melted  in  five-and-thirty  minutes,  at  a forge 
fire  blown,  by  two  ftrong  bellows,  a precipitate  of  platina  mixed  with  thefe  fluxes. 
They  obtained,  in  a hard  blackilh  glafs  like  bottle- glafs,  a brilliant  button  of 
platina,  which  appeared  to  have  been  in,  fufion.  This  button  was  not  ducftile: 
it  broke  into  two  pieces ; in  confequence  of  which  it  was  obferved  to  be  hollow 
within.  It  was  nearly  of  the  fame  hardnefs  with  forged  iron,  and  made  deep 
Scratches  in  gold,,  in  copper,  and  even  in  iron.  Notwithftanding  what  has  been 
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obfervod  of  precipitates  of  platina,  as  not  being  liable  to  vitrify  or  mix  with 
glafs,  Baume  melted  them  into  a vitriform  matter  by  two  different  proceffes.  The 
precipitate  of  platina,  mixed  with  calcined  borax  and  a very  fufible  white  glafs, 
and  expofed  for  fix-and-thirty  hours  to  the  heat  of  the  hotteft  place  of  a furnace 
for  pottery,  afforded  him  a greenifli  glafs,  inclining  to  yellow,  and  containing  no 
globules  of  reduced  metal.  This  glafs  being  treated  anew  with  cream  of  tartar, 
gypfum,  and  potaffi,  was  thoroughly  melted,  but  contained  fmall  globules  of 
platina  difperfed  through  it.  M.  Baume  feparated  them  by  walhing,  and  found 
them  to  be  du&ile.  He  then,  in  conjunction  with  M.  Macquer,  expofed  pre- 
cipitate of  platina  in  the  focus  of  the  fame  burning  glafs  with  which  they  had 
melted  the  metal.  The  precipitate  emitted  a very  thick  luminous  fmoke,  which 
diffufed  a ftrong  fmell  of  aqua  regia  : it  loft;  its  red  colour,  and  refumed  the 
natural  colour  of  platina  ; and  it  melted  into  a gloffy  fparkling  button,  which 
button  confifted  of  an  opake  vitrefcent  matter  of  an  hyacinth  colour  on  the  fur- 
face,  and  blackifti  internally,  and  may  be  confidered  as  a real  glafs  of  platina. 
Fourcroy,  notwithftanding,  very  properly  remarks,  that  the  faline  matters  with 
which  it  was  impregnated,  muft,  without  doubt,  have  contributed  to  its  vitrifi- 
cation. 

The  precipitate  of  platina  does  not  appear  to  be  foluble  in  fimple  acids;  but 
it  diffolves  readily  in  the  aqua  regia,  to  which  it  communicates  only  an  orange 
colour;  never  a brown  like  platina  in  grains. 

Meffrs.  Margraaf,  Baume,  and  Lewis  mixed  the  folution  of  platina  with  fo- 
lutions  of  the  other  metallic  fubftances.  From  thefe  experiments  it  appears, 
that  almoft  all  metals  precipitate  platina  in  a brick-red  or  a brown  powder;  and 
that,  agreeably  to  what  happens  to  moft  other  metals,  none  of  thefe  precipitates 
poffefs  the  properties  of  a metal.  In  this  there  is  an  analogy  between  gold  and 
platina;  with  tin,  however,  platina  does  not  give  a purple,  but  a brown  preci- 
pitate inclining  to  red.  Solutions  of  bifmuth  and  lead  by  the  nitrous  acid,  of' 
iron  and  copper  by  any  of  the  acids,  and  of  gold  by  aqua  regia,  produce  none 
of  them  any  precipitate  in  the  folution  of  platina,  according  to  Margraaf:  but 
again,  folutions  of  arfenicated1  vegetable  alkali,  of  nitre  of  zinc,  and  nitre  of 
filver,  are  capable  of  precipitating  the  folution  of  platina:  with  the  firft  it  yields 
a fcanty  cryftallized  precipitate  of  a beautiful  golden  colour : with  the  fecond, 
an  orange-red  matter;  and  with  the  third,  a yellow  matter.  Thefe  different  pre- 
cipitates have  not  been  yet  carefully  examined,  nor  is  it  known  by  what  decom- 
pofition  they  are  produced. 

This  metal  is  fcarcely  affe&ed  in  the  dry  way  by  faline  fubftances,  nor  by  ful- 
phur,  though  it  is  faid  to  be  diffolved  by  liver  of  fulphur.  Nitre,  according  to 
the  experiments  of  Lewis  and  Macquer  on  the  crude  grains,  affeds  platina  in  a 
peculiar  manner.  Calx  of  arfenic  facilitates  its  fufion,  and  the  femi-metal  forms 
' a brittle  compound  with  the  platina.  Mr.  Achard  fucceeded  in  making  cruci- 
bles of  platina,  by  fufing  equal  parts  of  platina,  white  arfenic,  and  vegetable 
alkali.  This  matter,  when  cooled,  was  reduced  to  a powder,  and  rammed  into 
the  mould  of  the  veffel  intended  to  be  formed.  A ftrong  heat,  quickly  raifed, 
and  continued  for  fome  time,  fufed  the  mafs ; and,  after  diffipating  the  arfenic 
and  the  alkali,  left  the  platina  in  the  form  defired. 

No  detonation  takes  place  when  a mixture  of  nitre  and  platina  is  caft  into  a 
crucible;  but  when  a mixture  confifting  of  one  part  of  platina  and  two  of  nitre 
is  expofed  for  a confiderable  time  to  an  intenfe  heat,  as  Lewis  expofed  it  for 
three  days  and  three  nights  fucceffively,  the  metal  takes  a rufty  appearance.  If 
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this  mixture  be  boiled  in  water,  the  fluid  diflolves  the  alkali,  which  carries  with 
it  a brownilh  powder;  and  the  platina  feparated  by  this  walhing  is  found  to  be 
one-third  lefs  than  the  original  quantity.  The  brown  powder  may  be  feparated 
from  the  alkali  by  filtration.  This  powder  appears  to  be  a kind  of  calx  of  pla- 
tina mixed  with  a litde  calx  of  iron.  Lewis  caufed  it  to  take  a whitilh-gray  co- 
lour, by  difttlling  it  many  times  fucceflively  with  fal  ammoniac.  Margraaf  re- 
peated this  valuable  experiment,  and  has  added  two  important  fads : platina 
combined  with  alkali  of  nitre,  and  diluted  in  a certain  quantity  of  water,  forms 
a jelly  : a portion  of  the  metal,  feparated  from  this  jelly  by  dilution  in  water  and 
filtration,  takes  a black  colour  like  pitch.  From  thefe  circumftances  it  appears, 
that  the  platina  fuffers  in  this  procefs  fome  great  alteration  : and  it  is  to  be  wifhed, 
as  Fourcroy  remarks,  that  thefe  experiments  were  farther  profecuted  in  order  to 
determine  whether,  by  repeated  calcination  with  nitre,  this  metal  might  be  wholly 
reduced  to  a brown  powder ; as  alfo  to  afcertam  the  ftate  of  the  platina  thus  cal- 
cined. 

The  refult  of  Dr.  Lewis’s  experiments  with  crude  platina  and  the  metals  is 
thus  abridged  by  Macquer  : 

Equal  parts  of  gold  and  platina  may  be  melted  in  a violent  fire,  and  the  allay 
which  is  formed  may  be  eafily  poured  into  an  ingot  mould.  It  is  whitifh,  hard, 
and  may  be  broken  by  a violent  blow.  Neverthelefs,  when  it  has  been  well  an- 
nealed, it  is  capable  of  confiderable  extenfion  under  the  hammer.  One  part  of 
platina  and  four  parts  of  gold  may  be  melted  and  allayed  with  a much  lefs  fire 
than  is  requifite  in  the  preceding  experiment.  This  allay  is  fo  du&ile,  that  it 
may  be  extended  into  very  thin  plates  without  being  broken,  or  even  fplit  at 
the  edges.  Dr.  Lewis  obferved  a remarkable  circumftance  concerning  this  allay, 
namely,  that  the  platina,  which  was  ^ of  the  whole  mafs,  rendered  the  gold  no 
paler  than  guineas  are,  which  contain  only  of  filver. 

Silver  and  platina  may  be  melted  and  allayed  together  in  equal  parts  with  a 
very  violent  fire.  The  allay  which  is  formed  is  much  harder  and  darker  coloured 
than  filver,  and  of  a large  grain,  although  it  preferves  fome  ductility.  Thefe 
qualities  are  lefs  fenfibie  when  one  part  of  platina  is  added  to  feven  parts  of 
filver:  but  this  allay  is  ftill  coarfer  grained  and  lefs  white  than  filver.  This 
coarfenefs  of  grain  thews  an  imperfetf  union;  and  indeed  filver  and  platina  do 
not  feem  to  unite  very  intimately ; for  Dr.  Lewis  obferves,  that  when  the  allay 
of  thefe  two  metals  was  left  after  fufion  in  the  crucible,  a confiderable  part  of  the 
platina  was  feparated  and  funk  to  the  bottom.  The  platina  did  not  appear  to 
communicate  any  good  quality  to  the  filver,  excepting  a greater  hardnefs. 

Copper  feems  to  be  moft  improved  by  being  allayed  with  platina.  When 
indeed  a large  proportion  of  platina  is  added  to  copper,  as  equal  parts  or  two- 
thirds,  the  allay  is  hard,  brittle,  and  coarfe:  but  when  a lefs  quantity  of  platina 
is  added,  as  from  -f  to  or  even  lefs,  a golden-coloured  copper  is  produced, 
very  malleable,  harder,  fufceptible  of  a finer  polilh,  fmooth- grained,  and  much 
lefs  fubjeCt  to  calcination  and  ruft  than  pure  copper. 

Dr.  Lewis  was  not  able  to  fufe  forged  iron  with  platina,  which  is  not  furprifing, 
when  we  confider  the  refractory  qualities  of  thefe  two  metals : but  he  allayed 
platina  with  call- iron  by  adding  one  part  of  platina  to  four  parts  or  more  of  the 
iron  when  it  was  juft  beginning  to  flow.  This  allay  was  much  harder,  and  much 
lefs  lubjeCt  to  ruft,  than  pure  iron.  It  was  fufceptible  of  a very  fine  polifh. 

Platina  may  be  melted  with  tin  in  all  proportions  from  equal  parts  of  the  two 
metals  to  twenty-four  parts  of  tin.  This  allay  was  obferved  to  be  much  harder, 
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more  brittle,  more  dark-coloured,  and  coarfer,  as  the  proportion  of  the  platina 
was  larger.  No  advantage  feemed  to  be  attainable  by  this  allay.  Lead  alfo  may 
be  allayed  in  different  proportions  with  platina,  nearly  as  tin  may,  with  this  differ- 
ence, that  a much  greater  fire  is  neceffary  for  the  formation  of  this  latter  allay, 
particularly  when  the  quantity  of  platina  is  great.  The  metal  refulting  from  it 
has  a dark  colour,  fomewhat  approaching  to  a purple  or  violet,  or  it  eafily  ac- 
quires thefe  colours  when  expofed  to  the  air.  When  the  two  metals  fufed  to- 
gether are  left  in  a crucible  to  cool,  a conliderable  part  of  the  platina  feparates 
and  falls  to  the  bottom,  in  the  fame  manner  as  it  does  from  the  allay  of  filver. 

From  Dr.  Lewis’s  experiments,  platina  appears  to  be  capable  of  amalgamating 
with  mercury,  but  difficultly,  and  by  a very  long  trituration  with  water,  as  for 
inflance,  during  a week. 

If  mercury  be  triturated  with  an  allay  of  gold  and  platina,  it  feizes  the  gold, 
and  does  not  touch  the  platina.  Dr.  Lewis  propofes  this  amalgamation  as  a me- 
thod of  feparating  thefe  two  metals ; and  it  is  that  which  is  employed  with  the 
ores  of  Peru,  in  which  gold  and  platina  are  mixed  together  : but  we  do  not  yet 
know  whether  this  feparation  be  perfedly  complete. 

Platina  may  be  allayed  with  bifmuth  nearly  as  with  lead,  and  in  a fimilar  man- 
ner feparates  from  the  bifmuth  after  fufion.  It  gives  to  bifmuth  alfo,  as  it 
does  to  lead,  the  property  of  acquiring,  by  expofure  to  air,  violet,  purple,  or 
blue  colours.  This  allay  is  always  very  brittle. 

Of  all  metallic  matters  zinc  may  be  moft  eafily  allayed  with  platina,  and  moll 
effeftually  dilfolved  by  fufion.  Dr.  Lewis  obferved,  that  thefe  allays  did  not 
appear  very  different  from  pure  zinc  ; but  that  when  the  proportion  of  platina  is 
conliderable,  their  grain  is  clofer,  their  colour  lefs  clear,  and  more  blueifh,  than 
that  of  zinc.  They  do  not  tarnilh,  nor  change  colours  by  expofure  to  air. 
Laflly,  they  are  harder  than  zinc,  and  have  not  the  femi-malleability  of  this 
femi-metal. 

With  regulus  of  antimony  platina  formed  a darker  and  harder  compound  than 
the  pure  regulus. 

Dr.  Lewis  has  combined  platina  at  the  fame  time  with  two  metallic  matters, 
fuch  as  with  brafs  compofed  of  copper  and  zinc,  and  with  bronze  compofed  of 
copper  and  tin.  The  mod  lingular  phenomenon  of  this  latter  allay  was,  that  the 
copper  and  tin  adting  conjointly  upon  the  platina  were  capable  of  dilfolving 
more  of  it  than  they  both  could  do  feparately.  This  allay  was  hard,  and  capable 
of  receiving  a line  polilh,  but  is  fubjedt  to  tarnilh,  which  feems  to  happen  to  all 
the  allays  of  tin  or  of  lead  with  platina. 

Equal  parts  of  platina  and  brafs  formed  a compound  very  hard  and  very  brit- 
tle, capable  of  receiving  a very  fine  polilh,  and  not  fubjedt  to  tarnilh.  It  might 
therefore  be  employed  for  fpeculums  of  telefcopes,  and  would  be  much  prefer- 
able to  thofe  now  ufed,  all  which  have  the  great  difadvantage  of  tarnilhing  by 
expofure  to  air,  even  very  quickly. 

Dr.  Lewis  does  not  mention  the  effedts  of  allaying  platina  with  arfenic  ; but 
Scheffer  affirms,  that  if  only  a twentieth  part  of  arfenic  be  added  to  platina  when 
red-hot  in  a crucible,  thefe  two  fubftances  will  be  perfectly  fufed,  and  will  form 
a brittle  gray  mafs.  This  remarkable  experiment  requires  confirmation : for 
Margraaf  having  alfo  treated  thefe  two  matters  together,  did  not  perceive  any 
fuch  adtion  of  arfenic  upon  platina.  From  one  of  his  experiments  we  find,  that 
having  expofed  to  a violent  fire  during  an  hour,  a mixture  of  an  ounce  of  pla- 
tina with  a fulible  glafs,  compofed  of  eight  ounces  of  minium,  two  ounces  of 
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flints,  and  one  ounce  of  white  arfenic,  he  obtained  a regulus  of  platina,  well 
united  and  fufed,  which  weighed  an  ounce  and  thirty-two  grains,  the  furface  of 
which  was  fmooth,  white  and  (hining,  and  the  internal  parts  gray,  but  which 
neverthelefs  appeared  fufficiently  white  when  it  was  filed. 

The  cupellation  of  platina  was  one  of  the  mod  important  experiments  to  be 
made;  becaufe,  if  this  operation  fucceeded  perfectly,  we  might  thereby  obtain 
compact  and  malleable  mafles  of  pure  platina,  in  the  fame  ftate  as  a metal  which 
had  been  well  fufed,  and  of  which  all  forts  of  utenfils  might  be  made,  if  not 
by  calling  it,  at  leaft  by  forging.  All  the  chemifts  who  have  examined  this 
metal,  and  particularly  Dr.  Lewis,  have  ufed  their  utmod  endeavours  to  cupel  it 
well.  But  although  they  ufed  every  expedient  to  apply  the  ftrongelt  heat,  they 
did  not  perfectly  fucceed.  The  fcorification  proceeds  well  at  the  beginning  of 
the  operation,  as  when  gold  and  filver  are  cupelled:  but  the  cupellation  after- 
wards becomes  more  and  more  difficult;  becaufe,  as  the  quantity  of  lead  dimi- 
nilhes,  the  matter  becomes  lefs  and  lefs  fufible,  and  at  lad  ceafes  to  be  fluid, 
notwith Handing  the  moll  violent  heat;  and  alfo  becaufe,  when  the  quantity  of 
platina  is  greater  than  that  of  the  lead,  this  latter  metal  is  protefled,  and  is  not 
converted  into  litharge.  Hence  the  regulus  obtained  is  always  dark-coloured, 
rough,  adhering  to  the  cupel,  brittle,  and  weighing  more  than  the  platina  ori- 
ginally employed,  from  the  lead  which  remains  united  with  it.  Meffrs.  Macquer 
and  Baume  kept  the  matter  expofed  to  a violent  fire  during  a longer  time,  that 
is,  about  fifty  hours  fucceffively ; therefore,  although  their  platina  was  tarnilhed 
and  rough  on  its  furface,  it  was  entirely  white  and  fhining,  ealily  feparable  from 
the  cupel,  and  a little  diminilhed  in  weight : a certain  proof  that  no  lead  re- 
mained in  it.  This  platina  was  alfo  dudlile,  and  capable  of  extenfion  under  the 
hammer. 

The  commerce  of  platina  has  been  prohibited  by  the  Spanifh  miniftry,  from 
an  apprehenfion  that  it  might  be  employed  in  the  adulteration  of  gold.  Whether 
this  prohibition  has  fince  been  taken  off  I know  not;  but  it  feems  needlefs,  as 
the  mixture  of  platina  greatly  alters  the  obvious  qualities  of  gold,  and  can  be 
very  readily  afcertained  by  the  tell  of  fal  ammoniac  before  pointed  out. 

PLUMBAGO,  or  black  lead,  is  a well  known  fubftance,  of  a black  colour, 
and  Aiming  appearance  when  cut.  Its  texture  is  rather  fcaly,  but  its  fracture- 
exhibits  a granular  and  dull  appearance.  None  of  the  fpecimens  have  any  con- 
liderable  hardnefs.  This  mineral  is  found  in  England,  Germany,  France,  Spain, 
and  Africa;  but  the  fort  bed  adapted  for  making  pencils  comes  chiefly  from 
Borrowdale  in  Cumberland.  For  this  purpofe,  it  is  carefully  fa  wed  into  narrow 
flips,  or  pieces,  not  more  than  one-tenth  of  an  inch  thick;  which  are  glued  Ire- 
tween  two  half  cylinders  of  cedar  wood.  An  inferior  kind  cf  pencils  is  made 
by  the  Jews,  by  mixing  the  powder  or  faw-duft  with  gum  arabic,  or  fufing  it  with 
refin  or  fulphur ; and  preffing  or  pouring  it  into  the  cavities  of  reeds.  The 
powder  of  plumbago,  with  three  times  its  weight  of  clay,  and  fome  hair,  makes 
an  excellent  coating  for  retorts;  and  the  black  lead  or  Heffian  crucibles  are  com- 
pofed  of  the  fame  materials. 

Plumbago  is  not  fubjecl  to  alteration  by  expofure  to  the  ad  ion  of  air  or  water  ; 
and  it  is  infoluble  in  acids.  In  clofed  veffels  it  is  either  entirely  or  nearly  un- 
alterable by  the  ftrong  heat  of  a furnace  ; but  by  continued  ignition,  and  occa- 
fional  during  in  a (hallow  veflel,  under  a muffle,  it  is  gradually  diffipated,  or 
burned, -leaving  a refidue  of  calx  of  iron,  of  about  one  tenth  of  the  original 
weight.  It  detonates  with  nitre  in  a red  heat ; ten  parts  of  this  fait  are  required 
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to  one  of  plumbago  before  the  whole  will  be  decompofed,  and  exhibit  no  refidue 
of  plumbago  when  the  alkali  is  diffolved  in  water.  The  aerial  produd  of  this 
detonation  is  found  to  confifl  of  a mixture  of  one-third  fixed  air ; and  the  reft 
air  which  maintains  combuftion  : the  alkali  contains  fixed  air,  and  fome  of  the 
nitre  is  driven  up  by  the  heat.  In  order  to  fhew  that  the  fixed  air  came  from  the 
plumbago,  and  not  from  the  nitre,  the  firft  analyfer  * of  this  fubftance  detonated 
tin,  antimony,  and  fulphur,  refpedively,  with  nitre,  and  obtained  no  fixed  air  : 
and,  ftill  more  to  place  the  inference  beyond  a doubt,  he  expofed  plumbago  to 
diftillation,  with  twice  its  weight  of  dry  acid  of  arfenic  : the  acid  was  reduced  to 
the  (late  of  white  calx,  and  fublimed ; and  pure  fixed  air  came  over.  Similar  re- 
fults  were  had  with  the  calces  of  mercury  and  lead  ; the  metals  were  revived,  and' 
fixed  air  was  expelled.  When  pulverized  plumbago  was  diftilled  with  cauftic 
fixed  alkali  by  a ftrong  hear,  the  volatile  produd  was  inflammable  air ; and  the 
remaining  alkali  contained  fixed  air. 

From  thefe  and  other  fads  he  concluded,  that  plumbago  is  a compound  of 
phlogifton  and  fixed  air,  with  a little  iron,  which  he  fuppofed  to  be  accidental.. 
The  exiftence  of  the  phlogiflon  was  judged  to  be  proved  by.  its  detonation  with 
nitre,  as  well  as  by  the  revival  of  the  acid  of  arfenic  and  the  metallic  calces,  and 
the  extrication  of  inflammable  air  by  alkali  : he  inferred  the  quantity  of  phlo- 
gifton in  this  fubftance  to  be  twice  as  much  as  in  charcoal;  becaufe  it  requires; 
twice  the  quantity  of  nitre  for  its  detonation.  The  prefence  of  fixed  air  was  de- 
duced from  the  aerial  produds  in  all  the  diftillations  but  the  laft  ; and  from  the- 
mild  ftate  of  the  alkalis,  in  thofe  trials  wherein  they  were  ufed. 

The  antiphlogiftic  philofophers  -j-  confider  plumbago  as  a compound  of  iron,, 
and  the  acidifiable  bafe  of  fixed  air,  which  they  call  carbone,  becaufe  it  exifts 
moft  abundantly  in  charcoal.  The  difficulty  of  burning  or  decompofing  it,  is, 
confidered  as  a confequence  of  the  combination  of  its  parts,  which  are  lefs  dif-. 
pofed  to  unite  with  vital  air  than  either  would  be  if  alone.  The  fame  difficulty 
accounts  for  the  large  proportion  of  nitre  required  to  deflagrate  with  it  completely^ 
a quantity  required,  not  becaufe  there  is  much  combuftible  matter  to  be  burned,, 
but  becaufe  a long  continued  and  elevated  heat  is  neceflary;  by  which  means, 
much  of  the  nitre  is  decompofed,  and  its  vital  air  flies  off,  without  having  been 
employed  in  the  combuftion,  as  appears  by  the  two-thirds  of  the  elaftic  produd. 
which  will  fupport  the  flame  of  a candle.  The  other  fads  are  eafily  adapted  to 
this  theory.  By  detonation  with  nitre  it  affords  fixed  air,  becaufe  the  combufti- 
ble bafe  is  acidified  by  the  vital  air  of  the  nitre.  The  arfenical  acid,  and  me- 
tallic calces,  are  reduced  by  the  abftradion  of  the  vital  air  they  contain  ; which 
vital  air,  combining  with  the  acidifiable  bafe  contained  in  the  plumbago,  con-, 
verts  it  into  the  fixed  air,  or  acid,  which  flies  off : and  laftly  in  the  diftillation  of. 
plumbago  with  humid  alkali,  a decompofition  of  the  water  takes  place  : its  in- 
flammable air  flying  off,  and  its  vital  air  combining  with  the  acidifiable  bafe,. 
as  before,  forms  fixed  air,  which  unites  with  the  alkali,  and  renders  it  mild.. 

The  chief  difference  in  the  matter  of  fad  between  thefe  theorifts  appears  to. 
confift  in  the  iron,  which  the  latter  confider  as  a neceflary  part  of.  the  combi- 
nation ; by  means  of  which  they  account  for  its  difficult  combuftibility.  Since- 
plumbago  does  really  contain  iron,  it  may  be  confidered  as  a compound  of  a. 
fimilar  nature  to  the.  martial  pyrites.  Thus  in  the  pyrites  iron  is  united  to  ful-. 


*■  Scheele.  See  his  Effays,  Eng.  Tranf.  Eflay  xiii, . 
f,  Acad,.Par,  1785,  page  ija.etfeq. 
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phur  ; which  the  phlogiftian  philofophers  affert  to  be  a compound  of  vitriolic  acid 
(or  its  bafe)  and  phlogifton  ; while  their  opponents  take  the  fulphurto  be  a fim- 
ple  fubftance,  capable  of  acidification  by  the  addition  of  vital  air : and  fo  like- 
wife  plumbago  is  a compound  of  iron,  united  to  another  fubftance ; which  the 
phlogiftians  affert  to  be  fixed  air,  combined  with  phlogifton  ; at  the  fame  time 
that  the  other  party,  rejecting  the  inflammable  principle,  affirm  that  it  is  the  Am- 
ple acidifiable  bafe,  which  will  form  fixed  air  when  vital  air  is  added  to  it.  We 
fee  therefore  that  it  is  the  explanation,  and  not  the  faCts,  which  forms  the  objeCt 
of  contention. 

PLUMBUM  CORNEUM.  A combination  of  calx  of  lead  with  marine 
acid.  It  is  very  fparingly  foluble  in  water,  and  is  ufually  produced  by  adding 
marine  acid  or  common  fait  to  a folution  of  lead  in  weak  nitrous  acid. 

POLARITY.  In  the  experiments  of  magnetifm,  it  has  been  found  that  the 
attractive  and  repulfive  forces  exerted  between  pieces  of  iron  or  fteel  which  have 
undergone  the  touch  (fee  Magnetism),  are  governed  by  the  pofition  of  cer- 
tain parts  of  the  iron  or  magnet  called  its  poles.  Bodies  attradled  or  repelled  by 
the  power  of  eledlricity  are  alfo  obferved  to  turn  one  fide,  if  at  liberty,  towards 
the  body  which  adls  upon  them.  From  analogy  it  is  concluded  that  a fimilar  mo- 
dification obtains  in  the  effedt  of  the  chemical  affinities,  and  is  in  a great  meafure 
the  caufe  of  the  fymmetrical  figures  of  minerals.  See  Attraction,  alfo  Crys- 
tallization. 

POLLEN.  The  fecundating  powder  of  the  ftamina  of  vegetables.  The  pro- 
lific matter  in  the  male  part  of  plants  is  elaborated  by  the  anthera ; and  as  the  or- 
gans of  the  plant  do  not  admit  of  an  aCtual  intromiffion  of  the  male  into  the  fe- 
male, becaufe  vegetables  do  not  polfefs  loco-motion,  the  fecundating  feed  is  pro- 
duced in  the  charadlerof  a powder,  which  the  agitation  of  the  air  and  other  caufes 
may  carry  off  and  precipitate  upon  the  female  organs.  This  fecundating  powder 
has  a fmell  refembling  that  of  the  fpermatic  fluid  of  animals.  It  is  ufually  of  a 
refinous  nature  ; that  is  to  fay,  it  is  inflammable,  and  foluble  in  alkalis  and  ardent 
fpirit.  The  wax  of  bees  confiftsof  the  pollen  very  little  altered. 

POMPHOL1X.  The  white  calx  which  fublimes  during  the  combuftion  of 
zinc  has  been  called  by  this  name.  It  is  better  known  by  the  name  of  flowers  of 
zinc. 

PONDEROUS  EARTH.  See  Earth  Ponderous,  alfo  Spar. 

PONT  MARLE.  See  Marle. 

PORCELAIN  * is  the  moft  beautiful  and  the  fineft  of  all  earthen  wares.  All 
earthen  wares  which  are  white  and  femi-tranfparent  are  generally  called  porce- 
lains; but  amongft  thefe  fo  great  differences  may  be  obferved,  when  they  are  ex- 
amined chemically,  that,  notwithftanding  the  fimilarity  of  their  external  appear- 
ance, they  cannot  be  confidered  as  matters  of  the  fame  kind.  Thefe  differences 
are  fo  evident,  that  even  perfons  who  are  not  connoiffeurs  in  this  way  prefer  much 
the  porcelain  of  fome  countries  to  that  of  others. 

As  the  feveral  kinds  of  porcelain  differ  fo  much  from  each  other,  no  general 
procefs  can  be  given  for  making  it.  We  ought  to  confine  ourfelves  to  defcribe 
and  confider  the  manufacture  of  fome  particular  porcelain,  remarkable  for  its 
excellence  and  beauty.  But  this  alfo  is  almoft  impracticable,  becaufe  in  all  the 
manufactories  where  it  is  made,  both  in  France  and  other  countries,  the  ingredi- 
- 4nt?  an<*  method  of  preparation  employed  are  carefully  concealed.  (See  Glass, 


* This  article  is  taken  chiefly  from  Macquer,  Weigleb,  and  Lewis. 
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p.  352.)  The  exhibition  of  a general  ftatement  of  the  principal  operations  will 
rseverthelefs  be  of  value,  not  only  to  artifts,  who  very  often  have  no  general  views 
of  the  fubjefts  they  purfue,  but  to  philofophical  men,  who  moll  frequently  are  the 
belt  improvers  of  manufactories. 

The  art  of  making  porcelain  is  one  of  thofe  in  which  Europe  has  been  excelled 
by  oriental  nations.  The  firft  porcelain  that  was  feen  in  Europe  was  brought 
from  Japan  and  China.  The  whitenefs,  tranfparency,  finenefs,  neatnefs,  ele- 
gance, and  even  the  magnificence  of  this  pottery,  which  foon  became  the  orna- 
ment of  fumptuous  tables,  did  not  fail  to  excite  the  admiration  and  induftry  of 
Europeans.  It  would  perhaps  be  a fruitlefs  undertaking  to  inquire  into  the  hif- 
tory  of  the  feveral  attempts  made  in  Europe  to  imitate  the  original  porcelain,  as 
moft  of  thefe  are  unknown,  and  would  lead  us  too  far  from  the  fubjeft.  Mac- 
quer  is  of  opinion,  that  the  firft  European  porcelains  were  made  in  Saxony  and  in 
France;  and  afterwards  in  England,  Germany,  and  Italy.  But  as  all  thefe  were 
different  from  the  Japanefe,  fo  each  of  them  had  its  peculiar  character. 

The  illuftrious  Reaumur  firft  attended  to  this  object  among  the  moderns,  and 
communicated  his  refearches  in  two  Memoirs  to  the  Academy  of  Sciences  in 
1727  and  1729.  This  great  experimental  philofopher  took  the  beft  method  of 
arriving  at  a thorough  knowledge  of  the  fubjeCt ; and  although  he  was  miftaken 
in  forne  points,  and  neglected  to  confider  fome  of  the  eftential  qualities  requilite 
to  conftitute  good  porcelain,  he  is  neverthelefs  the  firft  perfon  who  publifhed  any 
diftinCt  notions  upon  the  fubjeft.  He  did  not  fatisfy  himfelf  vvith  confidering  the 
external  appearance,  the  painting  and  gilding,  which  are  only  ornaments  not 
eftential  to  the  porcelain,  but  he  endeavoured  to  examine  it  internally  : and 
having  broken  pieces  of  the  Japanefe,  Saxon,  and  French  porcelains,  he  examined 
the  difference  of  their  grains,  (which  name  is  given  to  their  internal  ftrufture). 
The  grain  of  the  Japanefe  porcelain  appeared  to  him  to  be  fine,  clofe, 
compaft,  moderately  fmooth,  and  fomewhat  fhining.  The  grain  of  the  Saxon 
porcelain  was  found  to  be  ftill  more  compaft,  not  granulous,  fmooth,  fhining  like 
enamel.  Laftly,  the  porcelain  of  St.  Cloud  had  a grain  much  lefs  clofe  and  fine 
than  that  of  Japan,  not,  or  but  little  fhining,  and  refembling  the  grain  of  fugar. 

From  thefe  firft  obfervations  he  perceived  that  porcelains  differed  confiderably. 
That  he  might  examine  them  further,  he  expofed  them  to  a violent  heat.  More 
eftential  differences  than  thofe  of  the  grain  appeared  upon  this  trial ; for  the 
Japanefe  porcelain  was  unaltered  by  the  fire,  and  all  the  European  were  melted, 
as  Reaumur  fays. 

This  eftential  difference  betwixt  the  Japanefe  and  European  porcelains  fug- 
gefted  to  Reaumur  a very  ingenious  thought,  and  in  many  refpefts  true,  con- 
cerning the  nature  of  porcelain  in  general.  As  all  porcelains  fomewhat  refemble 
giafs  in  confiftence  andjtranfparency,  though  they  are  lefs  compaft  and  much  lefs 
tpmfparent,  this  philofopher  confidered  them  as  femi-vitrifications.  Now  every 
fubftance  may  appear,  and  may  aftually  be  in  a femi- vitrified  ftate  in  two  ways'; 
for,  firft  it  may  be  entirely  compofed  of  vitrifiable  or  fufible  matters ; and  in  this 
cafe,,  by  expofing  it  to  theaftionof  fire,  it  will  be  aftually  melted  or  vitrified,  if 
. the  heat  be  fufficiently  ftrong  and  long  continue.!.  But  as  this  change  is  not  made 
inftantly,  efpecially  when  the  heat  is  not  very  violent,  and  as  it  paffes  through 
. different  ftages  or  degrees,  which  may  be  more  eafily  oblerved  as  the  heat  is. 
better  managed;  hence,  by  flopping  in  proper  time  the  application  of  heat  to 
porcelain  made  in  this  manner,  we  may  obtain  it  in  an  intermediate  ftate  betwixt 
thofe  of  crude  earths  and  of  completely  vitrified  lubftances ; and  alfo  poftelfed 
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of  the  femi-tranfparency  and  of  the  other  fenfible  qualities  of  porcelain.  We 
know  alfo,  that  if  fuch  porcelain  be  expofcd  to  a ftronger  degree  of  fire,  it  will 
then  be  completely  fufed  and  entirely  vitrified.  But  mod  of  the  European  por- 
celains have  this  fufibility,  from  which  Reaumur  concludes,  that  their  compofition 
is  founded  upon  the  above-mentioned  principle. 

In  thefecond  place,  a pafte  of  porcelain  may  be  compofed  of  fufible  and  vi- 
trifiable  matter,  mixed  with  a certain  proportion  of  another  matter  which  is  ab- 
folutely  un fufible  in  the  fires  of  our  furnaces.  We  may  eafily  perceive,  that  if 
fuch  a mixture  be  expofed  to  a heat  fufficient  to  melt  entirely  the  vitrifiable  in- 
gredient, this  matter  will  actually  melt;  but  as  it  is  intermixed  with  another  mat- 
ter which  does  not  melt,  and  which  confequently  preferves  its  confiftency  and 
opacity,  the  whole  muft  form  a compound  partly  opake  and  partly  tranfparent ; 
or  rather  a femi-tranfparent  mafs ; that  is,  a femi-vitrified  fubftance,  or  porcelain, 
but  of  a kind  very  different  from  the  former;  for,  as  the  fufible  part  of  this  latter 
has  produced  all  its  effedt,  and  as  it  has  beenasmuch  fufed  as  it  can  be  during  the 
baking  of  the  porcelain,  the  compound  may  be  expofed  a fecond.  time  to  a more 
violent  fire,  without  approaching  nearer  to  a complete  vitrification,  or  without  de- 
parting from  its  fate  of  porcelain.  But  as  oriental  porcelain  has  precifely  thele 
appearances  and  properties,  Reaumur  concludes  with  reafon,  that  it  is  compofed 
upon  this  principle ; and  he  afterwards  confirmed  his  opinion  by  undeniable 
fads. 

Father  Entrecolles,  millionary  at  China,  had  fent  from  thence  a fummary  de- 
fcription  of  the  procefs  ‘by  which  the  inhabitants  of  that  country  make  their 
porcelain  ; and  alfo  a fmall  quantity  of  the  materials  which  they  employ  in  its 
compofition.  He  faid  that  the  Chinefe  compofed  their  porcelain  of  two  ingre- 
dients, one  of  which  is  a hard  ftone  or  rock,  called  by  them  petuntfe,  which  they 
carefully  grind  to  a very  fine  powder;  and  the  other,  called  by  them  kaolin,  is  a 
white  earthy  fubftance,  which  they  mix  intimately  with  the  ground  petuntfe.. 
Reaumur  examined  both  thefe  matters ; and  having  expofed  them  feparately  to  a 
violent  fire,  he  difcovered  that  the  petuntfe  had  fufed  without  addition,  and  that 
the  kaolin  had  given  no  fign  of  fufibility.  He  afterwards  mixed  thefe  matters, 
and  formed  cakes  of  them,  which  by  baking  were  converted  into  porcelain  fitnilar 
to  that  of  China.  Reaumur  eafily  found  that  the  petuntfe  of  the  Chinefe  was; 
a hard  ftone  of  the  kind  called  vitrifiable,  but  much  more  fufible  than  any  of  thefe 
which  were  known  in  Europe;  and  that  the  kaolin  was  a talky  matter  redu- 
ced to  very  fine  powder.  From  that  time  he  hoped  to  make  a porcelain  of  the 
fame  kind  as  the  Chinefe  with  materials  found  in  France.  Whether  he  could  not 
find  any  materials  equal  to  thofe  of  China,  particularly  that  material  analogous, 
to  the  petuntfe  of  the  Chinefe,  or  becaufe  other  occupations  prevented  the  con- 
tinuance of  his  •refearches,  we  do  not  know  ; but  we  find  from  his  fecond  Memoir 
upon  porcelain,  that  he  afterwards  attempted  to  make  an  artificial  petuntfe,  by 
mixing  our  vitrifiable  ftones  with  fahs  capable  of  rendering  them  fufible,  or 
even  by  fubfiituting  for  it  glafs  ready  formed,  and  by  adding  to  thefe  fuch  fub- 
ftances  as  he  thought  might  be  fubftituted  for  kaolin.  But  he  probably  found 
that  he  could  not  execute  thefe  intentions  ; for  he  did  not  refume  this  fubjeft  from 
the  year  1 72910  1739,  when  he  gave  a procefs  for  converting  common  glafs  to  a 
fingular  kind  of  porcelain,  to  which  he  has  given  his  name,  and  of  which  we  fhall 
treat  in  the  following  article. 

Although  Reaumur  has  not  entirely  exhaufted  this  fubjetft,  he  has  furmounted 
many  difficulties,  and  has  given  juft  notions  concerning  it : in  a word,  he  has 
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opened  the  road  for  all  thofe  who  afterwards  engaged  in  this  purfuit,  and  has 
therefore  a right  to  {hare  the  honour  of  the  important  difcoveries  which  have  been 
fince  made  by  others. 

But  as  a perfon  who  firft  unravels  fo  intricate  and  hidden  a matter  as  the  manu- 
facture of  porcelain,  can  fcarcely  difcover  every  thing  concerning  his  fubjeCt,  fo 
Reamur  has  been  miftaken,  or  rather  milled,  in  two  important  particulars,  which 
Macquer  points  out.  His  firft  error  concerns  the  Saxon  porcelain,  which  he  con- 
founds with  the  other  fufible  porcelains  made  in  Europe.  Macquer  exprefles  his 
doubts  whether  formerly  a porcelain  was  made  in  Saxony,  compofed  entirely  of 
fufible  or  vitrifiable  materials,  the  vitrification  of  which  was  flopped  in  proper 
time.  Poflibly  this  was  the  firft  kind  of  porcelain  made  in  that  country,  and  which 
Reaumur  had  examined.  He  is  however  certain  that  he  has  never  feen  any  fuch 
Saxon  porcelain,  and  that  all  of  that  country  which  he  had  examined  was  capable 
of  refilling  the  moll  violent  fires  without  fufion,  as  well  at  lead  as  thofe  of  China 
and  Japan.  Reaumur  might  have  been  milled  by  the  appearance  of  the  internal 
texture  of  this  porcelain.  For  when  a piece  of  it  is  broken,  its  internal  furface 
does  not  appear  granulous,  but  compaCt,  uniform,  fmooth,  Ihining,  and  much  re- 
fembling  white  enamel.  But  this  appearance,  fo  far  from  (hewing  that  Saxon  por- 
celain is  a fufed  or  vitrified  fubftance,  proves  that  it  is  not  entirely  compofed  of 
fufible  matters.  All  who  have  confidered  attentively  this  fubjeCt,  know  that  the 
internal  furface  of  the  moll  fufible  porcelains  is  alfo  the  leaft  denfe  and  lead  com- 
pact ; the  reafon  of  which  is,  that  no  vitreous  matter  can  be  fmooth  and  denfe  in- 
ternally, unlefs  it  has  been  completely  fufed.  But  if  the  denfity  and  Ihining  ap- 
pearance of  the  internal  furface  of  the  Saxon  porcelain  were  only  the  effects  of 
the  fufion  of  a vitreous  matter,  how  could  we  conceive  that  veflels  formed  of 
that  matter  fhould  have  fultained  the  neceflary  fufion  for  giving  this  denfity  and 
fhining  appearance,  without  having  entirely  loft  their  lhape  ? The  impolfibility 
of  this  is  evident  to  every  one  who  has  been  converfant  in  thefe  matters,  and  in 
the  fufion  of  glafs. 

This  quality  of  the  Saxon  porcelain  mud  therefore  proceed  from  another  caufe. 
It  does  indeed  contain,  as  every  porcelain  does,  particularly  thofe  of  China  and 
Japan,  a fufible  fubftance,  which  has  been  even  completely  fufed  during  the 
baking.  Its  denfity  alfo  and  its  internal  luftre  proceed  chiefly  from  this  fufed 
matter  ; but  we  are  alfo  certain  that  it  contains  a large  quantity  of  a fubftance  ab- 
folutely  unfufible,  from  which  it  receives  its  admirable  whitenefs,  its  firmnefs  and 
folidity  during  the  baking ; in  a word,  which  fupplies  the  place  of  the  oriental 
kaolin,  and  which  has  the  property  of  contracting  its  dimenfions  confiderably 
while  it  incorporates  with  the  fufible  fubftance.  If  it  be  fubje&ed  to  the  moft 
decifive  trial,  namety,  the  aCtion  of  a violent  fire,  capable  of  melting  every  por- 
celain compofed  of  fufible  matters  alone,  Macquer  affirms,  after  many  experi- 
ments, that  it  cannot  be  fufed,  unlefs  by  a fire  capable  of  melting  the  bcft  Japa- 
nefe  porcelain.  The  Saxon  porcelain  is  therefore  not  to  be  confounded  with 
thofe  which  are  vitreous  and  fufible,  but  is  in  its  kind  as  excellent  as  that  of  Japan, 
and  perhaps  fuperior,  as  we  (hall  fee  when  we  enumerate  the  qualities  which  con- 
ftitute  the  excellence  of  porcelain.  The  fubjeCt  of  Reaumur’s  fecond  error,  or, 
at  leaft,  that  which  he  has  not  fufficiently  explained,  is  the  kaolin  of  China.  Ac- 
cording to  him,  this  matter  is  a finetalky  powder,  from  the  mixture  of  which  with 
petuntfe  the  oriental  porcelain  is  formed.  Poflibly  a very  finely-ground  talky 
fubftance  mixed  with  petuntfe  might  form  a porcelain  fimilar  to  the  oriental ; but 
perfons  acquainted  with  the  manufacture  of  any  porcelain  mull  perceive  theim- 
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poflibility  of  forming  veffels,  unlefs  the  pafte  of  which  they  are  made  be  fo  duc- 
tile and  tenacious,  that  it  may  be  worked  upon  a potter’s  lathe,  or  at  lead  that 
it  may  be  moulded.  But  talks  or  any  kinds  of  ftones,  however  finely  ground, 
cannot  acquire,  the  requifite  tenacity,  which  clays  only,  of  all  known  earthy  fub- 
ftances,  poffefs.  The  Chinefe  porcelain  veffels  evidently  appear  to  be  turned 
upon  the  lathe,  fince  they  retain  the  marks  of  it : hence  they  muff  have  been 
formed  of  a very  tenacious  pafte,  and  confequently  the  kaolin  is  not  a purely 
talky  matter,  but  is  mixed  with  clay.;  orelfe  the  petuntfe  and  kaolin  are  not,  as 
Reaumur  luppofes,  the  only  ingredients  of  the  pafte  of  which  Chinefe  porcelain 
is  formed,  but  a fufticient  quantity  of  fome  binding  matter,  unknown  to  father 
d’Entrecolles  and  Reaumur,  muft  be  alfo  added. 

Although,  fince  Reaumur,  no  fcientific  perfon  has  written  concerning  porce- 
lain, many  have  attempted  to  make  it.  Manufactures  have  been  eftablilhed  in 
almoft  all  the  ftates  of  Europe.  Befides  that  of  Saxony,  which  has  been  long 
eftablilhed,  porcelain  is  alfo  made  at  Vienna,  at  Frankendal,  and  lately  in  the 
neighbourhood  of  Berlin.  All  thefe  German  porcelains  are  fimilar  to  the  Saxon, 
and  are  made  of  materials  of  the  fame  kind,  although  they  differ  fomewhat  from 
each  other.  England  and  Italy  alfb  have  their  porcelains,  the  chief  of  which  were: 
thofe  of  Chelfea  and  of  Naples.  But  porcelain  is  now  made  of  a good  quality 
in  Staffordlhire,  and  many  other  parts  of  England.  M.  de  la  Condamine,  in  a 
journey  into  Italy,  vifited  a manufacture  of  porcelain  eftablilhed  at  Florence  by 
the  Marquis  de  Ginori,  then  governor  of  Leghorn.  M.  de  la  Condamine  ob- 
ferved  particularly  the  large  fize  of  fome  pieces  of  this  ware.  He  fays  he  favv 
ftatues  and  groupes  half  as  large  as  nature,  modelled  from  fome  of  the  fineft  an- 
tiques. The  furnaces  in  which  the  porcelain  was  baked  were  conftruCled  with 
much  art,  and  lined  with  bricks  made  of  the  porcelain  materials.  The  pafte  of 
this  porcelain  is  very  beautiful ; and  from  the  grain  of  broken  pieces  of  it,  it 
appears  to  have  all  the  qualities  of  the  beft  Chinefe  porcelain.  A whiter 
glazing  would  be  defirable,  which  they  might  probably  attain,  if  the  Marquis 
Ginori  had  not  determined,  to  ufe  thofe  materials  only  which  were  found  in  that 
country. 

But  in  no  ftate  of  Europe  have  more  effectual  attempts  been  made  to  difcover  por- 
celain, or  an  earlier  eftablilhment  of  manufactures,  than  in  France.  Before  even. 
Reaumur  had  publilhed  on  this  fubjeCt,  porcelain  was  made  at  St.  Cloud,  and  in  the 
fuburb  of  St.  Antoine  at  Paris,  which  was  of  the  vitreous  and  fufible  kind,  but 
confiderably  beautiful.  Since  that  time,  confiderable  manufactures  of  it  have 
been  eftablilhed  at  Chantilly,  at  Villeroi,  and  at  Orleans ; the  porcelains  of 
which  have  a diftinguifhed  merit.  But  certainly  the  admirable  works  produced; 
in  the  royal  manufacture  at  Sevres  do  molt  honour  to  France.  This  porce- 
lain holds  at  prefent  a diftinguifhed  rank,  from  its  Ihining  white,  its  beautiful 
glazing,  and  coloured  grounds,  in  which  according  to  Macquer  no  porcelain  has 
equalled  it.  The  magnificence  of  the  gilding,  the  regularity  and  elegance  of  its 
forms,  furpafs  every  thing  of  the  kind.  In  the  painting  and  fculpture  much 
genius  and  talents  are  difplayed.  Laftly,  as  all  the  operations  of  this  great: 
eftablilhment  were  directed  by  men'  of  known  capacity,  aflifted  by  philofophicaL 
and  chemical  refearches,  this  manufacture  in  Macquer’s  time  was  upon  the  point 
of  producing  porcelain  capable  of  emulating  or  equalling  the  moil, perfeCt  and 
moft  folid  works  of  this  kind. 

We  muft' carefully  diftinguiih  the  qualities  which  only  contribute  to  beauty* 
and  external  appearance, , from  the  intrinfic  and  effential  properties  in  which: 
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the  goodnefs  and  folidity  of  porcelain  confift.  All  perfons  who  have  made  ex- 
periments in  this  way  have  foon  difcovered  the  poflibility  of  making  compounds 
very  white,  beautifully  femi-tranfparent,  and  covered  with  a (hining  glazing, 
but  which  cannot  be  worked  for  want  of  tenacity,  are  not  fufficiently  compact, 
a'-e  eflentially  fufible,  are  fubjedt  to  break  by  fudden  application  of  heat  and 
cold;  and  laftly,  the  glazing  of  which  cracks,  becomes  rough,  and  confequently 
lufes  its  1 u ft  re  by  ufe,  becaufe  it  is  too  foft. 

On  the  other  fide,  we  (hall  alfo  find  it  not  difficult  to  compofe  very  tenacious 
paftes,  which  fhall  be  capable  of  being  eafily  worked  and  well  baked,  which  in 
the  baking  (ball  acquire  the  defirable  hardnefs  and  denfity,  which  are  unfufible, 
and  capable  of  fuftaining  very  well  the  fudden  change  of  heat  and  cold;  and 
in  a word,  which  fhall  have  the  qualities  of  the  moft  excellent  porcelain, 
excepting  whitenefs  and  beauty.  We  fhall  foon  fee  that  the  materials  fit  for 
the  compofition  of  fuch  porcelains  may  be  found  abundantly  in  every  country. 
The  only  difficulty  then  in  this  inquiry  concerning  porcelain  is,  to  unice  beauty 
and  goodnefs  in  one  compofition. 

Macquer  firfl  remarked,  that  before  we  had  any  knowledge  of  oriental  por- 
celain, and  from  time  immemorial,  porcelain  was  made  in  Europe  equal  to  it  in 
goodnefs  and  in  eflential  qualities,  and  was  univerfally  ufed,  and  even  fold  very 
cheap.  For  thofe  potteries  called  ftone-ware  are  not  of  modern  invention,  and 
have  all  the  eflential  qualities  of  the  beft  Japanefe.  If  we  except  whitenefs,  on 
which  alone  the  femi-tranfparency  depends,  and  compare  all  the  properties  of 
Japanefe  porcelain  with  thofe  of  our  ftone-ware,  no  difference  can  be  found  be- 
twixt them.  The  fame  grain  appears  infernally  in  both;  the  fame  found  is  pro- 
duced by  ftriking  them  when  properly  fufpended  ; the  fame  denfity,  the  fame 
hardnefs,  by  which  they  ftrike  fire  with  fteel ; the  fame  faculty  of  fuftaining  the 
heat  of  boiling  liquors  without  breaking,  and  the  fame  unfufibility  in  fire,  are  ob- 
fervable.  Laftly,  if  the  earths  of  which  ftone-ware  is  made  were,  free  from  he- 
terogeneous colouring  matters,  which  prevent  their  whitenefs  and  femi-tranfpa- 
rency ; if  veffels  were  carefully  formed  ; if  all  the  proper  attentions  were  given  ; 
and  if  thefe  veflels  were  covered  over  with  a fine  glazing ; they  would  be  as  per- 
fect porcelain  as  that  of  Japan.  The  moft  perfe'd  porcelain,  therefore,  is  nothing 
elfe  than  a fine  white  ftone-ware. 

The  French  ftone-ware,  or  potteries  de  grais,  is  formed  of  a whitifh  clay,  in 
which  a good  deal  of  fine  white  fandy  particles  is  intermixed.  The  Englifh 
ftone-ware  is  compofed  of  tobacco-pipe  clay  and  ground  flints.  This  ware,  when 
fufficiently  burnt,  has,  as  well  as  the  French,  the  qualities  of  porcelain  which 
Macquer  calls  eflential,  namely  ftrength,  hardnefs,  the  property  of  fuftaining  the 
heat  of  boiling  water,  and  unfufibility.  See  Pottery. 

Earths  of  this  kind  were  thought  to  be  more  rare  in  Europe  than  in  Japan  and 
China.  And  probably  alfo  the  want  of  a knowledge  where  to  find  thefe  earths  was 
the  caufe  that  the  firft:  makers  of  porcelain  confined  themfelves  to  an  external 
imitation,  by  employing  nothing  but  vitrifiable  matters  with  fufible  falts  and  a 
fmall  quantity  of  white  earth,  from  which  fufible  and  vitreous  porcelains  were 
compofed,  which  might  be  called  falfe  porcelains.  But  things  are  much  changed 
fince  thefe  firft  attempts.  Befides  the  diicoveries  of  the  Count  de  Lauraguais  and 
of  Mr.  Guettard,  genuine  white  porcelains  have  been  made  a long  time  ago  in 
Germany,  efpecially  in  Saxony  and  at  Frankendal. 

Thefe  porcelains  are  not  inferior  in  any  refpeft  to  the  oriental;  they  are 
even  much  fuperio*  in  beauty  and  whitenefs  to  the  modern  oriental  porcelain, 
j which 
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which  has  much  degenerated  in  thefe  refpe&s:  they  feem  even  to  excel  the  ori- 
ental in  the  moft  valuable  quality  of  porcelain,  namely,  the  property  of  fuftaining 
the  fudden  change  of  heat  and  cold.  We  cannot  judge  of  the  quality  of  porce- 
lain by  a flight  trial : for  fo  many  circumftances  concur  to  make  a piece  of  por- 
celain capable  or  incapable  of  fuftaining  the  fudden  application  of  heat  and  cold, 
that  if  at  the  fame  time  boiling  water  be  poured  into  two  veffels,  one  of  which  is 
good  porcelain  and  the  other  bad,  the  former  may  poflibly  break,  and  the  latter 
remain  entire  : the  only  true  method  of  difcovering  good  porcelain  in  this  re- 
fpedt  is,  to  examine  feveral  pieces  of  it  which  are  daily  ufed — for  inftance,  a fet 
of  coffee  cups.  But  Macquer  fays,  he  has  obferved  that  in  many  fuch  pieces  of 
oriental  porcelain,  which  have  been  long  and  daily  ufed,  cracks  in  the  diredtion 
of  their  height  may  be  always  perceived,  which  are  never  feen  in  the  good 
European  porcelains. 

Every  one  talks  of  porcelain,  and  yet  few  are  connoiffeurs  in  it.  None  can  be 
confidered  as  fuch  but  thofe  who  have  long  made  it  an  objedt  of  their  inquiries. 
That  the  ancient  Japanefe  porcelain  is  the  moft  perfedt,  is  a general  opinion. 
This  porcelain  is  indeed  very  beautiful,  and  we  muft  alfo  acknowledge  that  its 
quality  is  excellent.  It  has  been  our  model,  and  has  long  been  the  objedt  of  our 
admiration  and  emulation  j but  which  we  have  never  been  able  to  equal,  and 
which  many  perfons  believe  never  can  be  equalled.  Some  perfons  even  decry 
the  Saxon  porcelain  for  a quality  which  really  gives  it  a fuperiority  to  the  Japa- 
nele,  namely,  the  greater  fmoothnefs,  luftre,  and  lefs  granulous  appearance  of  its 
internal  furface  than  the  oriental.  The  refemblance  of  this  furface  to  that  of  glafs 
has  evidently  fuggefted  this  notion  ; and  it  would  be  well  founded,  if  the  denfity 
and  luftre  of  this  porcelain  proceeded  only  from  a fufible  and  vitreous  quality:  but 
as  they  do  not,  and  as  this  porcelain  is  as  fixed  and  asunfufible  as  the  Japanefe,  its 
denfity,  fo  far  from  being  a fault,  is  a valuable  quality.  For  we  muft  allow, 
that  of  porcelains  equal  in  other  refpedts,  thofe  are  bell  which  are  moft  firm  and 
compadt.  Hence,  the  interior  fubftance  of  the  Japanefe  porcelain  is  efteemed 
for  its  greater  denfity,  compadtnefs  and  luftre,  beyond  our  vitreous  or  fritt  por- 
celains, becaufe  thefe  qualities  indicate  greater  cohefion,  and  more  intimate  incor- 
poration of  its  parts.  For  the  fame  reafon  alfo,  the  fuperior  denfity  of  the  Saxon 
porcelain  ought  to  give  it  the  preference  to  the  Japanele.  Befides,  nothing  would 
be  eafier  than  to  give  the  Saxon  porcelain  the  granulous  texture  of  the  Japanefe, 
by  mixing  with  the  pafte  a certain  quantity  of  fand.  But  the  perfons  who  per- 
fedt ed  that  manufadture  were  certainly  fenfible,  that  fuch  a conformity  to  the  Ja- 
panefe porcelain  would  leflen  the  merit  of  theirs.  For  we  know  that,  in  general, 
porcelains  are  better  in  proportion  as  they  contain  a larger  proportion  of  clay  or 
earth,  and  lefs  of  fand,  flints,  or  other  matters  of  that  kind. 

The  bafis  of  the  porcelains  which  Macquer  ' calls  fufible,  vitreous,  orfalfe  por- 
celains, is  called  by  artiftsa  fritt.  It  is  nothing  elfe  than  a mixture  of  fand  or  of 
powdered  flints,  with  falts  capable  of  difpofing  them  to  fufion,  and  of  giving  them 
a great  whitenefs  by  means  of  a fufficient  heat.  This  fritt  is  to  be  then  mixed 
with  as  much,  and  no  more,  of  a white  tenacious  earth,  of  an  aigillaceous  or 
marly  nature,  than  is  fufficient  to  make  it  capable  of  being  worked  upon  the 
wheel.  The  whole  mixture  is  to  be  well  ground  together  in  a mill,  and  made 
into  a pafte,  which  is  to  be  formed,  either  upon  the  wheel  or  in  moulds,  into  pieces 
of  fuch  forms  as  are  required. 

Each  of  thefe  pieces  when  dry  is  to  be  put  into  a cafe  made  of  earthen  ware. 
Thefe  cafes  are  called  by  Englifh  potters,  Jeggarsj  which  is  a corruption  of 
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the  words  fafe  guard.  They  are  generally  formed  of  coarfer  clays,  but  which 
mull  alfo  be  capable  of  fuftaining  the  heat  required  without  fufion.  By  means  of 
thefe  cafes,  the  contained  porcelain  is  preferved  from  the  fmoke  of  the  burning 
fuel.  The  whitenefc  of  the  porcelain  depends  much  on  their  compa&nefs  of 
texture,  by  which  the  fmoke  is  excluded,  and  on  the  purity  of  the  clay  of  which 
they  are  made.  Thefe  cafes  are  to  be  ranged  in  piles  one  upon  another,  in  a 
furnace  or  kiln,  which  is  to  be  filled  with  them  to  the  roof.  The  furnaces  are 
chambers  or  cavities  of  various  forms  and  fizes,  and  are  fo  difpofed  that  their  fire- 
place is  placed  on  the  outfide,  oppofite  to  one  or  more  openings  which  commu- 
nicate within  the  furnace.  The  flame  of  the  fuel  is  drawn  within  the  furnace, 
the  air  of  which  rarefying  determines  a current  of  air  from  without  inwards,  as 
in  all  furnaces.  At  firft  a very  little  fire  is  made,  that  the  furnace  may  be  heated 
gradually,  and  is  to  be  increased  more  and  more,  till  the  porcelain  is  baked, 
that  is,  till  it  has  acquired  its  proper  hardnefs  and  tranfparency ; which  is  known 
by  taking  out  of  the  furnace  from  time  to  time,  and  examining,  fmall  pieces  of 
porcelain,  placed  for  that  purpofe  in  cafes  which  have  lateral  openings.  When 
thefe  pieces  fhew  that  the  porcelain  is  fufficiently  baked,  the  fire  is  no  longer  to 
be  fupplied  with  fuel,  the  furnace  is  to  be  cooled,  and  the  porcelain  taken  out, 
which  in  this  ftate  refembles  white  marble  not  having  a fliining  furface.  This  is 
afterwards  to  be  given  by  covering  them  with  a vitreous  compofition,  called  the 
glazing. 

The  porcelain  when  baked  and  not  glazed  is  called  bifcuit,  and  is  more  or  lefs 
beautiful  according  to  the  nature  of  its  compofition. 

As  no  imitation  of  fculpture  in  porcelain  can  preferve  all  the  delicacy  of  its 
workmanfhip  when  covered  with  a glazing ; and  as  fculptors  avoid  polifhing 
their  marble  figures,  becaufe  the  luftre  of  the  polifh  is  difad vantageous ; there- 
fore, in  fuperior  manufactures,  all  figures,  or  little  ftatues,  and  even  fome  orna- 
mental vafes,  are  left  in  ftate  of  bifcuit.  The  other  pieces  of  porcelain  are  to  be 
glazed  in  the  following  manner  : 

A glafs  is  firft  to  be  compofed  fuited  to  the  nature  of  the  porcelain  to  which  it 
is  to  be  applied,  for  every  glafs  is  not  fit  for  this  purpofe.  We  frequently  find 
that  a glafs  which  makes  a fine  glazing  for  one  porcelain,  fhall  make  a very  bad 
glazing  for  another  porcelain,  (hall  crack  in  many  places,  fhall  have  no  luftre,  or 
fhall  contain  bubbles.  The  glazing  then  muft,  be  appropriated  to  each  porce- 
lain, that  is,  to  the  hardnefs  and  denfity  of  the  ware,  and  to  the  ingredients  of  its 
compofition,  &c.  Much  appears  to  depend  on  the  glaze,  and  the  body  of  the 
ware  poflefling  the  property  of  equally  expanding  by  increafe  of  temperature  ; 
if  they  differ  in  this  refpecft,  the  glaze  muft  infallibly  crack  during  the  cooling 
from  the  furnace. 

Thefe  glazings  are  prepared  by  previoufly  fufing  together  all  the  fubftances 
of  which  they  confift,  fo  as  to  form  vitreous  maffes.  Thefe  mafles  are  to  be 
around  very  finely  in  a mill.  This  vitreous  powder  is  to  be  mixed  with  a fufficient 
quantity  of  water,  or  other  proper  liquor,  fo  that  the  mixture  fhall  have  the  con- 
fidence of  cream  of  milk.  The  pieces  of  porcelain  are  to  be  covered  with  a thin 
ftratum  of  this  matter,  and  when  very  dry  they  are  to  be  again  put  into  the  fur- 
nace in  the  fame  manner  as  before,  for  the  forming  of  the  bifcuit,  and  to  be  con- 
tinued there  till  the  glazing  be  well  fufed.  The  neceftary  degree  of  fire  for  fufing 
the  glazing  is  much  lefs  than  for  baking  the  pafte. 

The  pieces  of  porcelain  which  are  intended  to  remain  white  are  now  finifhed  ; 
but  thofe  which  are  to  be  painted  and  gilded  muft  undergo  further  operations. 
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The  colours  to  be  applied  are  the  fame  as  thofe  ufed  for  enamel  painting.  They 
all  confift  of  metallic  calxes  bruifed  and  incorporated  with  a very  fuAble  glafs. 
Crocus  of  iron  furnilhes  a red  colour.  Cafiius’s  precipitate  of  gold  makes  the 
purple  and  violet;  copper  calcined  by  acids  and  precipitated  by  an  alkali  gives 
a fine  green  ; zaffic  makes  the  blue  ; earths  flightly  ferruginous  produce  a yellow  ; 
and,  laftly,  brown  and  black  colours  are  produced  by  manganefe  or  by  calcined 
iron,  together  with  a deep  blue  of  zaffic.  Thefe  colours  being  ground  with  gum 
water,  or  with  oil  of  fpike,  are  to  be  employed  for  the  painting  of  the  porcelain, 
with  defigns  of  flowers  and  other  figures.  For  gilding,  a powder  or  calx  of  gold  is 
to  be  applied  in  the  fame  manner  as  the  coloured  enamels.  The  painted  and  gilded 
porcelains  are  to  be  then  expofed  t*o  a fire  capable  of  fufing  the  glafs  with  which 
the  metallic  colours  are  mixed.  Thus  the  colours  are  made  to  adhere,  and  at  the 
fame  time  acquire  a glofs  equal  to  that  of  the  glazing.  The  gold  alone  has  not 
then  afhining  appearance,  which  mull  be  afterwards  given  to  it  by  burnifhing 
with  a blood- Hone. 

The  operations  for  the  unfufible  porcelains,  and  alfo  for  fuch  as  are  of  the  na- 
ture of  ftone-ware,  are  fomewhat  more  Ample.  The  fands  and  ftones  which 
enter  into  their  compofition  are  to  be  ground  in  a mill : the  earths  or  clays  are  to 
be  wafhed  : the  materials  are  to  be  well  mixed,  and  formed  into  a pafte  : the 
pieces  are  firft  rudely  formed  upon  a potter’s  wheel;  and  when  dry  or  half  dry, 
they  are  turned  again  upon  the  wheel,  or  in  a lathe. or  other  engine,  and  their  form 
is  made  more  perfect : they  are  then  placed  in  the  furnace,  not  to  bake  them,  but 
only  to  apply  a fufficient  heat  to  give  them  fuch  a folidity  that  they  may  be  han- 
dled without  breaking,  and  may  receive  the  glazing.  As  the  pieces  of  porcelaifi 
after  this  flight  heat  are  very  dry,  they  imbibe  water  readily.  This  difpofition 
affifts  the  application  of  the  glazing.  The  vitrifiable  or  vitrified  matter  of  this 
glazing,  which  has  been  previoufly  ground  in  a mill,  is  to  be  mixed  with  fuch  a 
quantity  of  water,  that  the  liquor  fhallhave  the  confiftence  of  milk.  The  pieces 
of  porcelain  are  haftily  dipped  in  this  liquor,  the  water  of  which  they  imbibe,  and 
thus  on  their  furface  is  left  an  uniform  covering  of  the  glazing  materials.  This 
covering,  which  ought  to  be  very  thin,  will  very  foon  become  fodry,  that  it  can- 
not flick  to  the  fingers  when  the  pieces  are  handled. 

The  pieces  of  the  porcelain  are  then  put  into  the  furnace  to  be  perfectly  baked. 
The  heat  is  to  be  railed  to  fuch  a height,  that  all  within  the  furnace  lhall  be  white, 
and  the  cafes  lhall  be  undiftinguilhable  from  the  flame.  When,  by  taking  out 
fmall  pieces,  the  porcelain  is  known  to  be  fufficiently  baked,  the  fire  is  difcon- 
tinued,  and  the  furnace  cooled.  If  the  baking  has  been  well  performed,  the 
pieces  of  porcelain  will  be  found  by  this  Angle  operation  to  be  rendered  corn- 
pad,  fonorous,  clofe- grained,  moderately  glofly,  and  covered  externally  with  a 
fine  glazing.  The  painting  and  gilding  of  this  porcelain  are  to  be  executed  in  a 
manner  Amilar  to  that  already  defcribed.  For  the  various  compoAtions  of  glazes 
and  enamels,  fee  Pottery. 

PORCELAIN  OF  REAUMUR.  Reaumur  having  made  many  experi- 
ments to  difcover  the  nature  of  the  materials  which  enter  into  the  compofition  of 
the  oriental  porcelain,  and  having  afcertained  that  all  porcelain  is  an  intermediate 
fubftance  betwixt  an  earth  and  glafs,  very  ingenioufly  thought  of  reducing  glafs 
ready  made  to  the  date  of  porcelain,  by  reverAng  the  effed  of  the  verification, 
or  partly  unvitrifying  it : hence  this  kind  of  ware  has  been  called  porcelain  un- 
vitrified. Reaumur  gave  the  quality  of  porcelain  to  glafs  ; that  is,  he  rendered 
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glafs  of  a milky  colour,  femi-tranfparent,  fo  hard  as  to  ftrike  fire  with  fleet,  un- 
fufible,  and  of  a fibrous  grain,  by  means  of  cementation.  The  procefs  which 
he  publifhed  is  not  difficult.  Common  glafs,  fuch  as  that  of  which  wine-bottles- 
are  made,  fucceeds  befl.  The  glafs  veffel  which  is  to  be  converted  into  porce- 
lain is  to  be  inclofed  in  a baked  earthen  cafe  or  feggar.  The  veffel  and  cafe  are  to 
be  filled  with  a cement  compofed  of  equal  parts  of  fand  and  powdered  gypfum 
or  plafler ; and  the  whole-  is  to  be  put  into  a potter’s  kiln,  and  to  remain  there* 
during  the  baking  of  common  earthen  ware;  after  which  the  glafs  veffel  will  be 
found  transformed  into  fuch  a matter  as  has  been  defcribed. 

This  kind  of  porcelain  has  not  a very  white  colour,  particularly  on  its  furface;. 
but  forfome  purpofes  it  may  be  ufeful,  efpecially  for  chemical  veffels  Reaumur 
has  not  explained  how  this  transformation  is  effected.  Macquer  imagined  that 
the  vitriolic  acid  of  the  gypfum  quits  its  bails  of  calcareous  earth,  and  unites 
with  the  alkaline  fait  and  faline  earth  of  the  glafs,  with  which  it  forms  a kind 
of  fait  or  felenites,  different  from  the  calcareous  felenites,  by  the  interpofition  of 
which  matter,  the  glafs  acquires  the  qualities  of  porcelain. 

Reaumur  fays,  that  glafs  thus  rendered  opake,  white,  unfufible,  and  hard, 
is  inferior  in  beauty  to  the  oriental  porcelain  ; but  that  in  utility  and  every  effen- 
tial  quality  of  porcelain,  it  is  equal  to  any,  and  even  fuperior  in  the  property  of 
fuftaining  alterations  of  heat  and  cold. 

The  character  given  by  Reaumur  of  this  porcelain  induced  Dr- Lewis  (who 
had  alfo  obferved  the  changes  produced  upon  glafs  retorts  expofed  to  violent  heat 
in  a fand-bath)  to  make  further  experiments  on  this  matter,  an  account  of  which 
he  has  publifhed  in  the  Philofophical  Commerce  of  Arts. 

From  Dr.  Lewises  experiments  we  find  the  following  refults  : i.  Green  glafs 
cemented  with  wbite-fand  received  no  change  in  a heat  below  ignition.  In  a. 
low  red-heat  the  change  proceeded  exceeding  flowly  ; and  in  a ftrong  red-heat„ 
approaching  to  whirenefs,  the  thickefl  pieces  of  glafs  bottles  were  thoroughly 
converted  in  the  fpace  of  three  hours.  2.  The  glafs  fuffered  the  following  pro- 
gression, of  changes  by  continued  heat : fi-rft,  its  furface  became  blue,  its  trans- 
parency, was  diminifhed,  and  a yellow ifh  hue  was  obfervable  when  it  was  held 
between  the  eye  and  the  light.  Afterwards  it  was  changed  a little  way  on  both 
fides  into  a white  fubflanee,  externally  ft  ill  blUeifh  ; and  as  this  change  advanced 
{till  farther  and  farther  within  the  glafs,  the  colour  of  the  vitreous  part  in  the- 
middle  approached  nearer  ta  yellow  : the  white  coat  was  of  a fine  fibrous  tex- 
ture, and  the  fibres  were  difpofed  nearly  parallel  to  one  another,  and  tranfverfe 
to  the  thicknefs  of  the  piece  : by  degrees  the  glafs  became  throughout  white  and 
fibrous,  the  external  blueifhnefs  at  the  fame  time  going  off,  and  being  fucceeded 
by  a dull  whitilh  or  dun  colour  : by  a ftill  longer  continuance  in  the  fire,  the 
fibres  were  changed  gradually  from  the  external  to  the  internal  parr,  and  com 
verted  into  grains;  and  the  texture  then,  was  not  unlike  that  of  common  porce- 
lain.  The  grains,  at  firft  fine,  and  fomewhat  gioffy,  appeared  afterwards  larger 
and  duller,  and  at  length  the  fubflanee  of  the  glafs  became  porous  and  friable,, 
like  a mafs  of  white  fand  Sightly  coherent?  3.  Concerning  the  qualities  of  the 
converted  glafs  Dr.  Lewis  obferves,  that  the  whitenefs  of  the  internal  part  was, 
taot  inferior  to  that  of  porcelain,  but  that  its  furface  was  the  leaft  beautiful,  that 
the  thick  pieces  were  quite  opake,  and  that  feveral  thin  pieces  were  femi-tranfpa- 
rent: that  while  ic  remained  in  a fibrous  ftate,  its  hardnefs  became  greater  than 
shat  of  glafs,.  or  of  the  common  kinds  of  porcelain;  it  was  capable  of  fuftaining 
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fudden  changes  of  heat  and  cold  better  than  any  porcelain  ; and  in  a moderate 
white  heat,  it  was  fufible  into  a fubftance  not  fibrous,  but  vitreous  and  fmooth, 
like  white  enamel : that  when  its  texture  had  become  coarfely  granulated,  it  was 
now  much  fofter  and  unfufibie : and  laftly,  that  when  fome  coarfely  granulated 
unfufible  pieces,  which  with  the  combination  of  a moderate  heat  would  have 
become  porous  and  friable,  were  fuddenly  expofed  to  an  intenfe  fire,  they  were 
rendered  remarkably  more  compact  than  before;  the  folidity  of  fome  of  them 
being  fuperior  to  that  of  any  other  ware.  4.  No  difference  appeared  in  the  in- 
ternal colour,  hardnefs,  texture,  or  the  regular  fucceffion  of  changes,  from  the 
ufe  of  different  cementing  fubftances ; though  in  external  appearances  the  differ- 
ences were  cbnfiderable.  All  the  pieces  which  had  been  furrounded  with  char- 
coal or  with  foot,  were  externally  of  a deep  black  colour,  which  did  not  difappear 
by  expofure  to  a ftrong  fire  during  an  hour,  with  free  accefs  of  air.  Coloured 
clays  and  fands  communicated  different  fhades  of  a brown  colour ; and  white 
earths  gave  whitifb,  grayifh,  or  browniflv  tinges.  White  fand,  calcined  flints, 
and  gypfum,  gave  in  general  the  greateft  whitenefs,  and  tobacco-pipe  clay  the 
greateft  gloffmefs  and  brightnefs.  5.  Glaffes  compofed  of  earths  without  alkaline 
fait,  glafs  of  lead,  flint-glafs,  crown-glafs,  looking-glafs  plates,  a glafs  prepared 
with  calcined  flints  and  a fixed  alkaline  fair,  and  even  green  glafs  which  had 
been  fufed  together  with  a ninth  part  of  alkaline  fait,  fuffered  none  of  the  above 
alterations  by  cementation.  Green  bottle-glafs  and  common  windovv-glafs  were 
mofl  fufceptible  of  thefe  alterations.  6.  The  changes  produced  by  cementation; 
could  not  proceed  from  any  abforption  of  matter  from  the  cementing  fubftance  j 
becaufe  no  increafe  of  weight  was  given,  and  becaufe  the  fame  changes  were 
produced  upon  a piece  of  glafs  merely  by  heat,  without  any  cementing  fub- 
ftance. 

Dr.  Lewis  in  his  reflections  on  this  fubjeCt  refers  the  change  to  a Tofs  of  part  of 
the  alkali  of  the  glafs.  The  weight  of  the  fibrous  porcelain  is  not  perceptibly 
different  from  that  of  the  glafs  itlelf;  but  he  obferves,  that  the  alkali  which  may 
exfude  is  attached  to  the  outer  furface  ; and  in  the  latter  ftages  of  the  procefs, 
it  evidently  caufes  an  agglutination  of  the  fand  in  which  the  glafs  may  be  bedded. 
M.  Delaval,  who  has  made  many  experiments  on  this  objeCt,  (hewed  me  a mafs 
of  fand  concreted  in  the  form  of  the  neck  of  a bottle,  out  of  which  he  had 
poured  the  fand  of  the  glafs  itfelf  reduced  to  perfect  grains  by  the  hear.  It 
feems  probable  in  this  inftance,  that  the  fand  of  cementation  had  a greater  affi- 
nity to  the  alkali  than  that  of  the  glafs  itfelf. 

PORPHYRY.  Porphyrites.  The  porfido  of  the  Italians-  Cronftedt  enu- 
merates five  kinds:  1.  Green,  with  a light  green  felt-fpar.  Serpenthio  verd'e  aniico. 
It  is  faid  to  have  been  brought  from  Egypt  to  Rome,  from  which  laft  place  the 
fpecirnens-  now  come.  2.  Deep  red  with  white  felt-fpar  from  Italy  and  Egern  in 
Norway.  3-  Black  with  white  and  red  felt-fpar  from  Klitten  in  the  parifh  of 
Elfdalen  in  Norway..  4.  Reddffh  brown  with  light  red  and  white  felt-fpar;  and 
5.  Dark  gray  with  white  grains  of  felt-fpar.  The  dark  red  porphyry  has  been 
moft  frequently  employed  for  ornaments  and  in  building. 

DeSauffure  and  Kirwan,  quoted  by  Magellan,  both  reckon  under  the  name 
of  porphyry  or  porfido  of  the  Italians,  fuch  (tones  as  contain  either  felt-fpar, 
quartz,  fhoerl,  mica,  with  other  fpecies  of  (tone  of  a cryftalline  form  in  a fili- 
ceous  or  even  calcareous  ground,  Ferber,  in  his  fixteenth  letter  from  Italy,  de- 
fcribes  twenty  varieties  of  porfido.  But  in  general  it  is  diftinguiftied  by  the  co- 
lour 
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lour  of  its  ground,  that  is,  either  red,  purple,  gray,  green,  or  black.  When 
rhe  ground  is  of  jafper  the  porfido  is  very  hard.  The  red  commonly  contains 
felt-fpar  in  fmall  white  dots  or  fpecks,  and  often  together  with  thefe  black  fpots 
of  Ihoerl.  The  green  is  either  a jafper  or  fhoerl  with  fpots  of  quartz.  It  is 
often  magnetic.  Sometimes  a porphyry  of  one  colour  contains  a fragment  of 
porphyry  of  another  colour.  Thofe  which  have  chert  for  their  ground  are  fufible 
without  addition.  The  calcareous  porphyry  confifts  of  quartz,  felt-fpar,  and 
mica,  in  feparate  grains  united  by  a calcareous  cement.  And  the  micaceous 
porphyry  confifts  of  a greenifli-gray  micaceous  ground,  in  which  red  felt-fpar  and 
green ifti  foap-rock  are  contained. 

PORTLAND  STONE.  A compad  fand-ftone  from  the  Ifle  of  Portland. 
The  cement  is  calcareous. 

POTASH.  It  is  univerfally  known  * that  the  vegetable  fixed  alkali  may  be 
extraded  in  greater  or  lefs  quantity  from  the  roots  of  almoft  all  vegetables,  and 
it  is  now  well  eftablifhed,  that  it  pre-exifts  in  vegetables  before  combuftion,  not 
indeed  in  a feparate  uncombined  ftate,  but  united  partly  with  the  vitriolic  and 
marine  acids,  and  fometimes  the  nitrous,  but  generally,  and  for  the  greater  part, 
with  a vegetable  acid  and  oil,  with  which  it  forms  effential  falts,  as  they  are 
termed.  Thefe  vegetable  acids  and  oils  are  decompofed  during  combuftion, 
and  thus  the  alkaline  part  is  fet  free.  But  the  vitriolic  acid  by  contad  with  in- 
flamed matter,  is  converted  into  fulphur,  part  of  which  unites  to  the  difengaged 
alkali,  which  proteds  it  from  combuftion,  and  forms  what  is  called  liver  of  ful- 
phur; a produd  formed  in  moft  afhes,  efpecially  when  the  air  has  not  had  free 
accefs  to  them  during  combuftion. 

As  alkaline  falts  are  of  great  importance  in  the  feveral  arts,  the  proportion  of 
allies  afforded  by  different  vegetables,  and  that  of  alkali  by  each  vegetable  has 
of  late  been  accurately  attended  to.  Kirwan  has  therefore  prefented  the 
beft  authenticated  refults  of  the  experiments  made  with  this  view. 


One  thoufand  lbs. 

lbs.  of  afhes. 

lbs.  of  fait. 

Stalks  of  Turkey  wheat  or  mais 

88,6 

*7’5 

Sun-flowers  — 

— . 

57,2 

. — 

20, 

Vine-branches  ■ — 

— 

34, 

. — 

5,5 

Box  — 

— 

29, 

— 

2,26 

Sallow  — 

— 

28, 

— 

2,85 

Elm  — 

— 

23,5 

— 

3,9 

Oak  — 

I3>5 

— 

M 

Afpen  — 

— 

12,2 

— 

°»74 

Beech  — - 

— 

S>2 

■ — • 

1,27 

Fir  — 

— 

3,4 

— 

°,45 

Fern  in  Auguft  — 

— 

36,46 

— 

4,25  Home 

W ormwood  — 

— 

97,44 

■ — 

73,  Wiegleb 

Fumitory  — 

219, 

■ — 

79,  Idem. 

This  article  is.' taken  from  Kirwan’s 

excellent  and  ufeful 

paper 

on  the  alkalis  in  the 

Tranfadhons  for  1789. 
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Table  of  the  f aline  produff  of  one  thoufand  lbs.  of  ajhes  of  the  following  vegetables » 

Saline  produffs. 


Stalks  of  Turkey  wheat  or  mais 
Stalks  of  Sun-flower 
Vine  branches 
Elm  — 

Box  «— 

Sallow  ■ — 

Oak  — 

Afpen  — 

Beach  — 

Fir  — 

Fern  cut  in  Auguft 
Wormwood 
Fumitory 
Heath  — 


198  lbs. 

349 

162,6 

166 

78 

102 

hi 

61 

219 

132 

1 1 6 or  1 25  according  to  Wildenheim 

748 

360 

1 1 5 Wildenheim. 


On  thefe  tables  Kirwan  makes  the  following  remarks : 

1.  That  in  general,  weeds  yield  more  allies,  and  their  alhes  much  more  fait, 
than  woods;  and  that  confequently,  as  to  falts  of  the  vegetable  alkali  kind,  as 
pot-afh,  pearl-a(h,  cafhup,  &c.  neither  America,  Triefle,  nor  the  northern  coun- 
tries have  any  advantage  over  us  (Ireland). 

2.  That  of  all  weeds,  fumitory  produces  moft  fait,  and  next  to  it  wormwood. 
But  if  we  attend  only  to  the  quantity  of  fait  in  a given  weight  of  alhes,  the  allies 
of  wormwood  contain  moft.  Trifolium  fibrinum  alfo  produces  more  allies  and 
fait  than  fern: 

Moft  of  the  experiments  on  woods  were  made  in  France  by  order  of  govern- 
ment, under. the  infpecftion  of  the  overfeers  of  the  falt-petre  works;  yet  are  to 
be  read  with  caution  by  thofe  who  attend  to  the  quantity  of  alkali  with  refpecft 
to  bleachers.  For  as  tartar  vitriolate,  a fait  ufelefs  to  bleachers,  is  as  ferviceable 
to  the  makers  of  falt-petre  as  alkaline  falts*,  they  have  conftantly  confounded 
one  with  the  other  ; but  the  experiments  made  on  weeds  were  inftituted  by 
perfons  who  carefully  difcriminated  thefe  falts.  One  hundred  grains  of  the  fait 
of  wormwood  contain  but  fix  of  the  tartar  vitriolate,  and  one  hundred  grains  of 
the  fait  of  fumitory  contain  fifteen.  All  alkaline  falts,  unlefs  mixed  with  lime, 
contain  alfo  one  fifth  at  leaft  of  fixed  air,  which  produces  no  other  effefl  in 
bleaching  than  that  of  reftraining  their  adivity. 

The  procefs  for  obtaining  pot  and  pearl  a(li  is  given  by  Kirwan,  as  fol- 
lows: 

1.  The  weeds  fliould  be  cut  juft  before  they  feed,  then  fpread,  well  dried, 
and  gathered  clean. 

2.  They  (hould  be  burned  within  doors  on  a grate,  and  the  allies  laid  in  a cheft 
as  fall  as  they  are  produced.  If  any  charcoal  be  vifible,  it  fliould  be  picked  out, 
and  thrown  back  into  the  fire.  If  the  weeds  be  moift,  much  coal  will  be  found.  A 
clofe  fmothered  fire,  which  has  been  recommended  by  fome,  is  very  prejudicial. 

3.  They  Ihould  be  lixiviated  with  twelve  times  their  weight  of  boiling  water. 


* Much  of  the  nitre  obtained  by  elixation  of  the  nitre  beds  has  a calcareous  bafis.  Tartar 
vitriolate  will  change  this  into  prifmatic  nitre  by  double  affinity.  For  the  alkali  unites  with  the. 
nitrous  acid,  which  gives  its  calcareous  bate  to  the  vitriolic.  N. 
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A drop  of  the  folution  of  corrofive  fublimate  will  immediately  difcover  when  the 
water  ceafes  to  take  up  any  more  alkali.  The  earthy  matter  that  remains  is  faid 
to  be  a good  manure  for  clayey  foils. 

4.  The  ley  thus  formed  Ihould  be  evaporated  to  drynefs  in  iron  pans.  Two 
or  three  at  lead;  of  thefe  fhould  be  ufed,  and  the  ley,  as  faft  as  it  is  concreted, 
palled  from  the  one  to  the  other.  Thus,  much  time  is  faved,  as  weak  leys  eva- 
porate more  quickly  than  the  ftronger.  The  fait  thus  procured  is  of  a dark 
colour,  and  contains  much  extradive  matter,  and  being  formed  in  iron  pots  is 
called  pot-afh. 

This  fait  fhould  then  be  carried  to  a reverberatory  furnace,  in  which  the 
extradive  matter  is  burnt  off,  and  much  of  tire  water  difli  pared  : hence  it  gene- 
rally lofes  from  ten  to  fifteen  per  cent,  of  its  weight.  Particular  care  fhould  be 
taken  to  prevent  its  melting,  as  the  extradive  matter  would  not  then  be  perfedly 
confumed,  and  the  alkali  would  form  fuch  an  union  with  the  earthy  parts  as 
could  not  eafily  be  diifolved.  Kirwan  adds  this  caution,  becaufe  Dr.  Lewis 
and  Mr.  Doflie  have  inadvertently  direded  the  contrary.  This  fait  thus  refined 
is  called  pearl-afh,  and  mu  ft  be  the  fame  as  the.Dantzic  pearl-afh. 

The  French  call  the  refined  afh  potajje,  and  the  unrefined  Jalin.  Kirwan 
remarks,  that  the  alkali  manufadured  in  the  above-mentioned  manner  may  not 
be  fufficiently  cauftic  for  the  earlier  operations  of  bleaching;  but  by  the  addi- 
tion of  half  a pound  of  quick-lime  to  every  hundred  of  the  fait,  or  ten  pounds 
for  every  ton,  it  will  be  rendered  fufficiently  (harp.  There  is  no  danger  that 
any  of  the  lime  will  remain  in  the  ley;  but  if  any  fhould,  it  will  immediately  be 
difcovered  and  depofited  by  the  addition  of  a little  of  the  unmixed  ley. 

For  the  moft  ceconomical  conftrudion  of  a laboratory  and  furnaces  for  the 
above  operations,  Kirwan  refers  to  the  defcription  given  in  a French  trad 
called  V Art  de  fabriquer  le  Salin  et  la  Potajfe ; which  I have  not  feen.  And  he 
adds,  that  it  would  be  no  inconfiderable  advantage  to  perform  the  evaporation 
by  afird'  made  of  vegetables,  whofe  afhes  might  afterwards  be  employed.  Pearl- 
afh,  as  he  alfo  remarks,  is  frequently  tinged  green  or  blue,  not  from  any  union 
of  the  fait  with  phlogifton,  as  was  formerly  imagined,  but  from  manganefe, 
which  Scheele  has  fhewn  to  exift  in  the  afhes  of  moft  vegetables.  When  the  al- 
kali is  calcined  without  melting,  it  proves  perfedly  white,  Idee  the  Dantzic  pearl- 
afh. 

POT-STONE.  See  Lajpis  Ollaris. 

POTTER’s  LEAD  ORE.  The  galena  or  combination  of  lead  and  fulphur, 

POTTERY.  * The  art  of  making  pottery  is  intimately  conneded  with  che- 
miftry,  not  only  from  the  great  ufe  made  of  earthen  veflels  by  chemifts,  but  alfo 
becaule  all  the  proceffes  of  this  art,  and  the  means  of  perfeding  it,  are  depen- 
dent on  .chemi  ry.  We  muft  however  acknowledge,  that  although  chemifts 
have  the  greateft  intereft  to  procure  good  crucibles  and  other  earthen  veflels,  this 
art  has  been  left  almoft  entirely  to  the  potter.  Mr.  Pott  is  the  flrft  who  attended 
to  this  objed.  Befides  many  experiments  ftated  in  his  Lithogeognofia,  from 
which  much  inftiudion  may  be  received  relating  to  the  perfedion  of  chemical 
veflels,  he  has  written  a treatife  exprefsly  on  this  fubjed,  in  which  he  gives  many 
compofitions  for  crucibles,  the  chief  of  which  fhail  be  mentioned  in  this  article. 

All  kinds  of  pottery  are  in  general  made  of  clays  or  argillaceous  earths,  be- 
caufe thefe  earths  are  capable  of  being  kneaded,  and  eafily  receiving  any  form, 

* The  general  part  of  this  article  is  from  Jdacquer# 
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•and  of  acquiring  much  folidity  and  hardnefs  by  expofure  to  fire. . But  clays 
differ  much  in  the  effects  produced  upon  them  by  fire.  Some  clays  which  are 
of  the  pureft  kind  refill  the  mod  violent  fire  without  receiving  any  other  change 
than  a confiderable  hardnefs ; but  ft  ill  they  are  not  rendered  fo  hard  and  compact 
as  other  clays.  A fecond  kind  of  clays  by  expofure  to  violent  heat  acquires  a 
hardnefs  equal  to  that- of  flints,  and  a texture  compact  and  gloffy,  like  that  of 
good  porcelain  ; but  they  are  neverthelefs  eafufible  by  the  mod  violent  heat. 
Thefe  qualities  are  occafioned  by  fome  fufible  materials  being  mixed  with  them, 
as  fand,  chalk,  gypfum,  or  ferruginous  earth,  which  are  in  too  fmall  a quantity 
to  effeCl  a complete,  but  only  a beginning  or  partial  fufion.  Ladly,  a third  kind 
of  clays  is  fird  hardened  by  fire,  and  afterwards  completely  fufed.  This  lad 
kind  of  clays  evidently  contains  the  larged  quantity  of  the  fufible  matters  above 
mentioned. 

From  the  properties  of  thefe  three  principal  clays  it  may  be  concluded,  that 
from  clays  alone  three  principal  kinds  of  pottery  may  be  produced.  With  the 
fird  kind  of  clay,  pots  or  crucibles  may  be  formed  capable  of  fudaining  the  mod 
violent  fire  without  fufion,  of  containing  melted  metals,  and  even  hard  glades 
not  too  fluid  ; but  which,  from  want  of  diffident  compa&nefs,  are  incapable  of 
containing  during  a long  time  in  fufion  very  fufible  fubdances,  fuch  as  nitre, 
.glafs  of  lead,  glades  containing  much  arfenic,  See.  by  which  fubdances  their 
pores  are  pervaded.  Thefe  clays  are  employed  advantageoudy  for  the  formation 
of  large  pots  or  crucibles  ufed  in  glafs- houfes  for  containing  hard  glafs,  as 
bottle- glafs. 

With  clays  of  -the  fecond  kind  may  be  made  crucibles  and  other  potteries, 
commonly  called  done-ware.  Potteries  made  with  thefe  earths,  when  diffidently 
baked,  are  very  fonorous,  fo  hard  as  to  drike  fire  with  deel,  capable  of  contain* 
ing  all  liquids,  of  which  the  former  kind,  from  their  porofity,  are  incapable., 
and  even  refid  the  a&ion  of  nitre,  glafs  of  lead,  and_  other  duxes,  when  the 
•earth  of  which  they  are  formed  is  of  good  quality  : but  their  hardnefs  and 
denfity,  which  prevent  their  fudden  expanfion  and  contraction,  by  the  hady 
application  of  heat  and  cold,  make  them  liable  to  break  in  all  operations  where 
they  are  fuddenly  expofed  to  heat  or  to  cold,  as  for  indance,  in  a furnace  through 
which  a drong  current  of  air  pades.  If  this  kind  of  pottery  had  not  this  incon- 
venience, it  would  be  the  bed  and  mod  perfect  for  the  purpofes  of  ordinary  life 
and  chemidry.  Notwithdanding  this  inconvenience,  it  is  the  only  pottery  that 
is  applicable  on  many  occafions ; but  then  all  podible  care  mud  be  taken  to  pre- 
vent its  breaking,  by  a very  gradual  application  of  heat  and  cold,  and  by  -pro- 
tecting it  from  currents  of  cold  air. , 

With  the  fufible  clays  may  be  made  many  kinds  of  vedels,  which  are  cheap, 
as  they  require  little  fire  to  bake  them  ; for  all  this  kind  of  pottery  is  but  dightly 
baked  ; whence  its  texture  is  coarfe  and  porous.  Some  utenfils  are  made  of  this 
pottery  without  glazing,  as  foot- doves,  &c.  But  in  general  they  are  covered 
with  a glazing,  without  which,  water  or  other  liquids  would  pafs  through  their 
pores.  Some  of  this  pottery,  which  is  finilhed  with  more  care,  is  covered  with 
a white  enamel,  which  makes  it  very  neat  and  like  porcelain.  This  is  called 
.Delft  Ware,  which  fee.  Other  coarfer  potteries  of  this  kind  are -.glazed 
with  glafs  of  lead  mixed  with  metallic  calxes,  or  fufible  coloured  earths;  from 
which  they  receive  various  colours.  This  is  the  ordinary  pottery. 

A fine  kind  of  pottery  is  made  of  white  clays,  or  of  fuch  as  whiten  in  the  fire, 
the  furface  of  which  is  vitrified  by  throwing  into  the  furnace,  when  the  ware  is 

4 S fufficiently 


POT 


( 6S2  ) 


POT 


diffidently  baked,  Tome  common  fait  and  fdt-petre.  This  pottery  is  called 
Englifh  ware  on  the  continent,  becaufe  the  firft  and  bed  was  made  in  England. 
Jt  is  white,  fine,  well  baked,  and  has  fome  fmall  degree  of  tranfparency  when 
thin;  fo  that  it  is  intermediate  betwixt  porcelain  and  common  done-ware,  and 
may  therefore  be  called  a femi  porcelain. 

Keir  affirms,  that  he  has  never  feen  any  Englifh  done-ware,  that  had  the 
femi-tranfparency  and  whitenefs  mentioned  by  Macquer.  As  the  Englifh  done- 
ware  is  compofed  of  tobacco  pipe  clay  and  ground- flints,  both  which  fubdances 
are  perfedly  unfufible,  fingly  or  jointly,  it  cannot  poflefs  any  degree  of  tranf- 
parency. The  ufe  of  the  flints  is  to  give  drength  to  the  ware,  fo  that  it 
!li all  preferve  its  form  during  the  baking  : whereas  veflels  made  of  clay  alone, 
though  unfufible  by  fire,  and  capable  of  acquiring,  by  having  been  expofed 
to  an  intenfe  heat,  the  hardnefs  of  the  bed  porcelain ; yet  while  they  are  hot 
and  foft,  they  fink  by  their  own  weight,  fo  as  to  lofe  the  form  given  them. 
The  procefs  of  manufacturing  this  done-ware,  according  to  Dr.  Watfon,  is  as 
follows : 

Tobacco-pipe  clay  from  Dorfetfhire  is  beat  much  in  water : by  this  procefs,  the 
finer  parts  of  the  clay  remain  fufpended  in  the  water,  whild  the  coarfer  fand  and 
other  impurities  fall  to  the  bottom.  The  thick  liquid,  confiding  of  water  and 
the  finer  parts  of  the  clay,  is  farther  purified  by  pafling  it  through  hair  and  lawn 
iieves  of  different  degrees  of  finenefs.  After  this,  the  liquid  is  mixed  (in  various 
proportions  for  various  wares)  with  another  liquor,  of  as  nearly  as  may  be  the 
fame  denfity,  and  confiding  of  flints  calcined,  ground  and  fiifpencfed  in  water. 
The  mixture  is  then  dried  in  a kiln  ; and  being  afterwards  beaten  to  a proper  tem- 
per, it  becomes  fit  for  being  formed  at  the  wheel  into  difhes,  plates,  bowls,  &c. 
When  this  ware  is  to  be  put  into  the  furnace  to  be  baked,  the  feveral  pieces  of  it 
are  placed  in  the  cafes  made  of  clay,  called  feggars,  which  are  piled  one  upon 
another,  in  the  dome  of  the  furnace  : a fire  is  then  lighted  ; and  when  the  ware 
is  brought  to  a proper  temper,  which  happens  in  about  48  hours,  it  is  glazed 
by  common  fait.  The  fait  is  thrown  into  the  furnace,  through  holes  in  the  upper 
part  of  it,  by  the  heat  of  which  it  is  indantly  converted  into  a thick  vapour  ; 
which  circulating  through  the  furnace,  enters  the  feggar  through  holes  made  in 
its  fide  (the  top  being  covered  to  prevent  the  fait  from  falling  on  the  ware),  and 
attaching  itfelf  to  the  furface  of  the  ware,  it  forms  that  vitreous  coat  upon  the 
furface,  which  is  called  its  glaze. 

This  curious  method  of  glazing  earthen  ware  by  the  vapour  of  common  fait 
was  introduced  into  England  by  two  Dutchmen,  near  a century  ago.  It  appears 
to  be  produced  by  a combination  of  the  alkali  with  the  filiceous  earth  or  fand  of 
the  clay. 

The  yellow  or  Queen’s  ware  is  made  of  the  fame  materials  as  the  flint-ware; 
but  the  proportion  in  which  the  materials  are  mixed  is  not  the  fame,  nor  is  the  ware 
glazed  in  the  fame  way.  The  flint-ware  is  generally  made  of  four  meafures  of 
liquid  flint,  and  of  eighteen  of  liquid  clay;  the  yellow  ware  has  a greater  pro- 
portion of  clay  in  it;  in  fome  manufactories  they  mix  20,  and  in  others  24  mea- 
fures of  clay  with  four  of  flint.  Thefe  proportions,  ifeflimated  by  the  weight  of 
the  materials,  would  probably  give  for  the  flint-ware  about  three  cwt.  of  clay  to 
one  cwt.  of  flint,  and  for  the  yellow  ware  fomewhat  more  clay.  The  proportion, 
however,  for  both  forts  of  ware  depends  very  much  upon  the  nature  of  the  clay, 
which  is  very  variable  even  in  the  fame  pit.  Hence  a previous  trial  muft  be 
made  of  the  quality  of  the  clay,  by  burning  a kiln  of  the  ware.  If  there  is  too 
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much  flint  mixed  with  the  day,  the  ware,  whenexpofed  to  the  air  afterburning, 
is  apt  to  crack;  and  if  there  is  too  little,  the  ware  will  not  receive  the  proper 
glaze  from  the  circulation  of  the  fait  vapour. 

This  glaze,  even  when  it  is  moft  perfedl,  is  in  appearance  lefs  beautiful  than 
the  glaze  on  the  yellow  ware. 

The  yellow  glaze  is  made  by  mixing  together  in  water,  till  it  becomes  as  thick 
as  cream,  ii2lb.  of  white  lead,  241b.  of  ground  flint,  and  61b.  of  ground  flint 
glafs.  Some  manufadtories  leave  out  the  glafs,  and  mix  only  8olb.  of  white 
lead  with  2olb.  of  ground  flint : and  others  doubtlefs  obferve  different  rules,  of 
which  it  is  very  difficult  to  obtain  an  account. 

The  ware  before  it  is  glazed  is  baked  in  the  fire  : by  this  means  it  acquires  the 
property  of  ftrongly  imbibing  moifture  ; it  is  therefore  dipped  in  the  liquid 
glaze,  and  fuddenly  taken  out ; the  glaze  is  imbibed  into  its  pores,  and  the  ware 
prefently  becomes  dry.  It  is  then  expofed  a fccond  time  to  the  fire,  by  which 
means  the  glaze  it  has  imbibed  is  melted,  and  a thin  glafly  coat  is  formed  upon 
its  furface  : the  colour  of  this  coat  is  more  or  lefs  yellow,  according  as  a greater 
or  lefs  proportion  of  lead  has  been  ufed.  The  lead  is  principally  inftrumental  in 
producing  the  glaze,  as  well  as  in  giving  it  the  yellow  colour;  for  lead,  of  all 
the  fubftances  hitherto  known,  has  the  greateft  power  of  promoting  the  vitrifica- 
tion of  the  fubftances  with  which  it  is  mixed.  The  flint  ferves  to  give  a conflu- 
ence to  the  lead  during  the  time  of  its  vitrification,  and  to  hinder  it  from 
becoming  too  fluid,  and  running  down  the  fides  of  the  ware,  and  thereby  leaving 
them  unglazed. 

The  yellowifh  colour  which  lead  gives  when  vitrified  with  flints  may  be  wholly 
changed  by  very  fmall  additions  of  other  mineral  fubftances.  Thus,  to  give  one 
inftance,  the  beautiful  black  glaze,  which  is  fixed  on  one  fort  of  the  ware  made 
at  Nottingham,  is  compofed  of  21  parts,  by  weight,  of  white  lead,  of  five  of 
powdered  flints,  and  of  three  of  manganefe.  The  Queen’s  ware  at  prefent  made 
is  much  whiter  than  formerly. 

The  coarfe  ftone  ware  made  at  Briftol  confifts  of  tobacco-pipe  clay  and  fand, 
and  is  glazed  by  the  vapour  of  fait,  like  Staffordlhire  flint- ware;  but  it  is  far 
inferior  to  it  in  beauty.  - 

Chaptal  tried  various  methods  to  glaze  pottery,  and  two  among  them  fucceeded 
well  enough  in  his  opinion  to  juftify  his  publilhing  them.  The  firft  confifts  in 
mixing  the  earth  of  Murviel,  which  appears  to  be  a fufible  or  compound  clay,  in 
water,  and  dipping  the  pottery  therein  : this  done,  they  are  fuffered  to  dry  ; 
after  which  they  are  plunged  into  a fecond  water,  in  which  levigated  green  glals 
is  mixed.  This  covering  of  vitreous  powder  fufes  with  the  clay  of  Murviel,  and 
the  refult  is  a very  fmooth,  very  white,  and  very  cheap  glazing. 

The  fecond  method  confifts  in  immerfing  the  dried  pottery  into  a ftrong 
folution  of  fea  fait,  and  afterwards  baking  them.  The  trial  which  Chaptal  made 
in  his  furnaces  gave  him  reafon  to  expedt  that  this  method  might  be  ufed  in  large 
works. 

He  likewife  obtained  a very  black  glazing  by  expofing  pottery  ftrongly  heated 
to  the  fumes  of  fea-coal.  He  coated  feveral  vefiels  in  this  manner  by  throwing 
a large  quantity  of  coal  in  powder  into  a furnace,  wherein  the  pottery  was  ignited 
to  whitenefs.  The  effedt,  he  informs  us,  is  ftill  more  complete,  when  the 
chimneys  or  tubes  of  afpiration  of  the  furnace  are  at  that  moment  clofed,  and 
kept  fo  for  fome  minutes. 

Some  potteries  can  fuftain  a fudden  application  of  heat  and  cold  fufficiently 
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well  for  the  ufes  of  a kitchen,  and  are  therefore  called  fire-ware ; but  thefe  are- 
always  the  coarfeft,  lead:  baked,  and  the  glazing  of  which  is  the  fofted.  They 
alfo  do  not  lad  long  when  much  ufed  ; for  it  is  abfurd  to  fuppofe,  as  fome- 
perfons  do,  that  pottery  maybe  made  capable  of  fudaining  fire  like- a metal 
veffel.  We  are  certain,  that  the  bed  of  this  kind  which  are  employed  for  this 
purpofe,  break  as  foon  as  they  are  put  upon  the  fire.  They  do  not  indeed  break 
fo  as  to  feparate  in  pieces,  or  even  to  let  liquors  pafs  through  them;  but  many 
fmall  cracks  are  formed,  which  we  may  be  affured  of  by  the  crackling  heard 
upon  their  being  fird  fet  on  the  fire,  by  the  many  cracks  which  may  be  perceived 
in  their  glazing,  and  by  their  ceafing  to  ring  when  druck,  after  they  have  been 
ence  heated.  Each  time  that  thefe  vefTels  are  fet  on  the  fire,  many  fmall  imper- 
ceptible cracks  are  formed  in  them,  which  by  frequent  ufe  become  fo  numerous^ 
that  the  veffel  may  be  broken  by  the  lead  force.  Thus  all  the  difference  betwixt 
the  potteries  which  are  intended  to  be  ufed  on  the  fire,  and  the  good  done- ware 
which  is  not  intended  for  that  purpofe,  is,  that  this  latter  kind  may  be  broken  at 
once,  when  heated  and  cooled  carelefsly,  whereas  the  former  is  broken  by  de- 
grees. Neverthelefs  the  fire-ware  is  ufeful,  as  it  can  ferve  for  a fliort  time. 

Tobacco-pipes  require  a very  fine,  tenacious,  and  refradtory  clay,  which  is: 
either  naturally  of  a perfectly  white  colour,  or,  if  it  have  fomewhat  of  a gray 
cad,  will  neceffirily  burn  white.  A clay  of  this  kind  mud  abfolutely  contain 
no  calcareous  or  ferruginous  earth,  and  mud  likewife  be  carefully  deprived  of 
any  fand  it  may  contain,  by  wafhing.  It  ought  to  poffefs,  befides,  the  capital 
property  of  fhrinking  but  little  in  the  fire.  If  it  fhould  not  prove  diffidently  ' 
duCtile,,  it  may  be  meliorated,  by  the  admixture  of  another  fort.  Lad  of  all,  it 
is  beaten,  kneaded,  ground,  walhed  and  lifted,  till  it  acquires  the  requifite  de- 
gree of  finenefs  and  duCtility. 

When  after  this  preparation  the  clay  has  obtained  a due  degree  of  ductility,.' 
it  is  rolled  out  in  fmall  portions  to  the  ufual  length  of  a pipe,  perforated  with  a, 
wire,  and  put,  together  with  the  wire,  into  a brafs  mould  rubbed  over  with  oil, 
to  give  it  its  external  form ; after  which  it  is  fixed  in  a vice,  and  the  hollow  part 
of  the  head  formed  with  a dopper.  The  pipes  thus  brought  into  form  are. 
cleared  of  the  redundant-  clay  that  adheres  to  the  feams,  a rim  or  border  is  made 
round  the  head,  they  are  then  marked  with  an  iron  damp  upon  the  heel,  and 
their  furfaces  fmoothed  and  pbliihed.  When  they  are  well  dried,  they  are  put 
into  boxes  and  baked  in  a furnace.  In  the  Dutch  manufactories,  thefe  boxes 
confid  of  conical  pots  made  of  clay,  with  conical  lids,  with  a tube  palling, 
through  the  middle  of  them,  by  which  the  pipes  are  fupported  ; or  elfe  they  are 
long  clay  boxes,  in  which  the  pipes  are  laid  horizontally,  and  dratified  with 
fragments  of  pipes  pounded  fmall. 

Ladly,  the  pipes,  when  baked,  are  covered  with  a glazing  or  varnifii,  and. 
afterwards  rubbed  with  a cloth.  This  glazing  confids  of  a quarter  of  a pound 
of  foap,  two  ounces  of  white  wax,  and  one  ounce  of  gum-arabic  or  tragacanth, 
which  are  all  boiled  together  in  five  pints  of  water  for  the  fpace  of  a few  mi- 
nutes. 

All  the  operations  where  great  heat  is  employed  require  veffels  of  baked 
earth  ; becaufe  thefe  alone  can  fudain  at  once  the  aCtion  of  violent  fire  and  of 
chemical  folvents.  Veffels  made  of  good  baked  clay  eminently  poffefs  thefe 
two  qualities,  and  are  the  bed  which  can  be  employed  in  chemidry ; but  as  they 
have  the  inconvenience  of  breaking  by  fudden  application  of  heat  and  cold,  and 
as  many  operations  do  not  require  veffels  fo  denfe,  mixtures  of  earth  have  been, 
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ufed,  of  which  crucibles  are  made,  capable  of  being  rendered  fuddenly  red-hot, 
and  fuddenly  cooled  without  breaking,  and  fufficiendy  denfe  to  contain  metals 
and  other  matters  in  fulion  during  a longtime.  The  beft  crucibles  of  this  kind 
are  brought  from  Heffe  in  Germany.  Thefe  crucibles  are  made  with  a good  re- 
fractory clay,  mixed,  according  to  Pott,  with  two  parts  of  fand  of  a middling 
finenefs,  from  which  the  fineft  part  has  been  lifted.  The  mixture  of  fand  with 
clay  produces  two  good  effects;  the  firll,  to  make  the  clay  leaner,  as  it  is 
called,  and  thus  to  prevent  the  clay  from  cracking  by  the  contraction  it  fuftains 
during  its  drying;  and  fecondly,  to  prevent  its  acquiring  too  great  clofenefs  and 
compactnefs  of  texture  by  being  baked.  Thus  we  obtain  crucibles  moderately 
denfe,  capable  of  containing  metals  and  other  things  in  fufion,  and  infinitely  lefs 
fubjedt  to  break  by  heat  and  cold  than  thofe  made  of  pure  clay. 

The  particles  of  the  fand  mixed  with  clay  in  this  compofition  for  crucibles 
ought  to  be  rather  of  a moderate  fize  than  very  fine;  becaufe,  as  Pott  remarks, 
the  former  renders  the  crucibles  much  lefs  apt  to  crack  than  the  latter.  In  the 
fecond  place,  that  chemift  forbids  the  ufe  of  fand,  flints,  or  other  earths  of  that 
kind,  in  the  compofition  of  crucibles  intended  to  contain  glaffes  or  vitrifying 
matters  a long. time  in  fufion;  becaufe  thefe  vitreous  matters  act  upon  fand, 
flints,  and  all  thofe  called  vitrifiable  earths ; by  which,  means  thefe  crucibles  are 
foon  penetrated  artd  melted. 

This  inconvenience  is  prevented,  and  all  the  advantages  obtained  from  a mixture 
of  fand  are  procured,  by  fubftituting  to  the  fand  a good  baked  clay  in  grofs  pow- 
der. In' this  manner  are  made  the  pots which  contain  the  vitrifiable  materials  in 
glafs-houfe  furnaces,  fome  of  which  refill  the  continued  fires. employed  there  dur- 
ing three  weeks  or  a month.  The  pots  indeed  ufed  in  glafs-houfes  frequently 
fuftain  a conftant  fire  during  feveral  months,  and  fometimes  even  a year.  They 
become  gradually  more  and  more  thin,  the  glafs  or  flux,  contained  probably  dif- 
folvingthem  thus  flowly. 

The  quantity  of  burnt  clay  in  the  compofition  for  crucibles  varies  in  propor- 
tion to  the  nature  of: the  crude  clay  from  1,  2,  2 *-,  or  even  three  parts  of  the  for- 
mer, to  one  of  the  latter.  In  generaj,  the  ftronger,  more  tenacious  and  com- 
pact the  crude  clay  is,  the  larger  quantity  of  burnt  clay  ought  to  be  mixed 
with  it. 

The  crucibles  made  in  France  are  compofed  on  the  fame  principles.  They 
are  made  of  clay  mixed  with  broken  butter-pots,  which  are  a ftone-ware  made  in 
Normandy  and  Picardy.  Thefe  crucibles  refill  admirably  well  fudden  heat  and 
cold,  and  they  would  be  excellent  if  the  crude  clay  which  enters  into  their  compo- 
fition was  capable  of  refilling  a violent  fire  : but  this  clay  being  mixed  with  mar- 
tial and  pyritous  matters  fwells  in  the  fire,  and  begins  to  melt.  Befides,  thefe 
crucibles  owe  their  good  quality  of  not  breaking  by  fudden  application  of  heat 
and  cold  to  their  little  denfity,  which  is  attended  with  this  inconvenience,  that 
they  are  penetrable  by  very  fluid  matters. 

We  may  from  what  has  been  faid  perceive  the  difficulty,  perhaps  the  impoffi- 
bility,  of  making  perfect  crucibles.  Pott  has  made  fo  many  experiments  on  this 
fubjedt,  that  he  leems  to  have  exhaulled  it.  The  bafis  of  all  his  compofitions  was 
clay ; but  this  he  mixed  in  different  proportions  with  metallic  calxes,  calcined 
bones^  calcareous  Hones,  talks,  amianthus,  afbellus,  pumice-ftones,  tripoli,  and 
many  others,  from  none  of  which  did  he  obtain  a perfect  compofition,  as  may 
be  feen  from  his  Differtation  : hence  it  may  be  concluded,  that  we  muft  have  in 
our  laboratories  crucibles  of  different  kinds  fuitable  to  the  feveral  operations-; 
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Paris  crucibles,  when  the  matters  contained  are  not  too  fluid,  and  the  fire  is 
not  too  flrongj  Heffian  crucibles,  when  fimilar  matters  are  to  be  expofed  to 
a violent  Jieat;  and  crucibles  of  baked  clay,  for  vitrefcent  matters  and  pene- 
trating fluxes. 

Crucibles  may  poflibly  be  made  better  than  any  hitherto  known,  and  of 
more  extenfive  ufe.  The  eflential  point  is,  to  obtain  a very  refradlory  clay  free 
from  pyritous  matter  and  ferruginous  earth,  from  which  the  fand  mult  be  wafhed* 
This  mud  be  mixed  with  two  or  three  parts  of  the  fame  clay  baked  and  pounded 
grofsly;  and  of  this  mixture  or  pafte  crucibles  mud  be  formed  in  moulds,  and 
baked  in  a very  drong  fire.  As  retorts  and  cucurbits  are  deiigned  for  the  diftil- 
lation  of  liquors  generally  very  corrofive  and  penetrating,  they  ought  to  be 
made  of  done-ware. 

To  the  above  obfervations  on  crucibles,  which  are  extradled  from  Macquer’s 
Pi&ionary,  I fhall  add  fome  farther  extra&s  made  by  Keir  from  Pott’s  Difier- 
tation  above  quoted. 

i.  Crucibles  made  of  fat  clays  are  more  apt  to  crack,  when  fuddenly  expofed 
to  heat,  than  thofe  made  of  lean  or  meagre  clays.  Meagre  clays  are  thofe  in 
which  a confiderable  quantity  of  fand  is  mixed  with  the  pure  argillaceous  earth, 
and  fat  clays  are  thofe  which  contain  but  a fmall  proportion  of  fand.  2.  Some 
crucibles  become  porous  by  long  expofure  to  fire,  and  imbibe  part  of  the  con- 
tained metals.  This  inconvenience  is  prevented  by  glazing  the  internal  and  ex- 
ternal furfaces,  which  may  be  done  by  moidening  thefe  with  oil  of  tartar,  or  by 
ftrewing  upon  them,  when  wetted  with  water,  powdered  glafs  of  borax.  Thefe 
glazings  are  not  capable  of  containing  glafs  of  lead.  3.  Crucibles  made  of 
burnt  clay  grofsly  powdered,  together  with  unburnt  clay,  were  much  lefs  liable  to 
crack  by  heat  than  crucibles  made  of  the  fame  materials,  but  in  which  the  burnt 
clay  was  finely  powdered,  or  than  crucibles  made  entirely  of  unburnt  clay.  4.  If 
the  quantity  of  unburnt  clay  be  too  great,  the  crucible  will  be  apt  to  crack  in 
the  fire.  Crucibles  made  of  ten  ounces  of  unburnt  clay,  ten  ounces  of  grofsly 
powdered  burnt  clay,  and  three  drams  of  calcined  vitriol,  are  capable  of  re- 
taining melted  metals,  but  are  pervaded  by  glafs  of  lead.  The  following  com- 
pofition  is  as  good  or  better  than  the  preceding  : Seven  ounces  of  unburnt  clay, 
fourteen  ounces  of  grofsly  powdered  burnt  clay,  and  one  dram  of  calx  of  vitriol. 
Thefe  crucibles  maybe  rendered  more  capable  of  containing  glafs  of  lead,  by  lining 
their  internal  furfaces,  before  they  are  baked,  with  burnt  clay  diluted  with  water. 
They  may  be  further  ftrengthened  by  making  them  thicker  than  is  ufually  done, 
or  by  covering  their  external  furfaces  with  fome  unburnt  clay,  which  is  called 
arming  them.  5.  The  compofition,  of  which  crucibles  the  mod  capable  of  con- 
taining glafs  of  lead  were  made,  was  eighteen  parts  of  grofsly  powdered  burnt 
-clay,  as  much  unburnt  clay,  and  one  part  of  fuiible  fpar.  Thefe  crucibles  mud 
-not,  however,  be  expofed  too  fuddenly  to  a violent  heat.  6.  Crucibles  capable 
of  containing  veiy  well  glafs  of  lead,  were  made  of  twenty-four  parts  of  unburnt 
clay,  four  parts  of  burnt  clay,  and  one  part  of  chalk.  Thefe  required  to  be 
.armed.  7.  Plume-alum  powdered,  and  mixed  with  whites  of  eggs  and  water, 
being  applied  to  the  internal  fui face  of  a Heffian  crucible,  rendered  it  capable 
of  containing  glafs  of  lead  during  a long  time.  - 8.  One  part  of  clay  and  two 
parts  of  Spanifli  chalk  made  good  crucibles.  The  fubftance  called  Spanifli 
chalk  is  not  a calcareous  earth,  but  appears  to  be  a fteatites.  9.  Two  parts  of 
.Spanifli  chalk  and  one  part  of  powdered  tobacco-pipes  made  a good  compofi- 
xion  for  lining  common  crucibles.  10.  Eight  parts  of  Spanifli  chalk,  as  much 
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burnt  clay,  and  one  part  of  litharge,  made  folid  crucibles,  in  Crucibles  mader 
of  black  lead  are  fitter  than  Heffian  crucibles  for  the  melting  of  metals ; bur  they 
are  fo  porous,  that  fufed  falts  pafs  entirely  through  them.  They  are  more  tena- 
cious than  Heffian  crucibles,  are  not  fo  apt  to  burft  in  pieces,  and  are  more  du- 
rable. 12.  Crucibles  placed  with  their  bottoms  upwards  are  lefs  apt  to  be 
cracked  during  the  baking  than  when  placed  differently.  13.  The  pafte  of  which 
crucibles  are  made  ought  not  to  be  too  moift,  elfe  when  dried  and  baked  they 
will  not  be  fufficiently  compatft : hence  they  ought  not  to  be  fo  moift  as  to  be 
capable  of  being  worked  on  a potter’s  lathe,  but  they  muft  be  formed  in  brafs 
or  wooden  moulds.  See  Pott’s  Differtation  on  Chemical  Veffels. 

Scheffer  fays,  that  the  beft  crucibles  cannot  eafily  contain  metals  diffolved  by 
fulphur,  in  the  operation  of  parting  by  means  of  fulphur.  See  Parting.  He 
fays,  that  they  may  be  made  much  more  durable  and  folid,  by  fteeping  them  a few 
days  in  linfeed  oil,  and  ftrewing  powdered  borax  upon  them  before  they  are 
dried.  Mem.  Sued.  xiv.  1752. 

POWDER.  This  word  fignifies  precifely  the  fame  thing  in  chemiftry  as  it 
does  in  common  life.  Any  folid  matter  divided  into  fmall  particles  not  ad- 
herent to  each  other  forms  a powder.  When  any  fubftance  is  pulverifed,  the 
number  of  furfaces  or  quantity  of  furface  in  the  whole  will  obvioufly  be  greater 
the  finer  the  powder.  Various  contrivances  are  in  daily  ufe  to  pulverife  different 
bodies.  The  peftle  and  mortar  is  ufed  in  the  operation  of  pounding.  The  dr- 
culation  of  two  mill-ftones  againft  each  other,,  with  grooves  cut  in  the  face  of  each 
to  admit  the  fubjefl  of  action,  is  ufed  in  the  operation  of  grinding.  By  an  hard 
fmooth  ftone  rubbed  on  the  face  of  another,  alfo  fmooth,  trituration  is  effefted  ; 
for  which  purpofe  water  or  fome  other  fluid  is  added  to  the  fubftance  to  be  tri- 
turated. And  laftly,  walhing  is  ufed  tofeparate  the  fmaller  particles  of  powder 
from  the  larger  or  heavier;  whether  the  latter  be  chiefty  wanted,  as  in  mine- 
works,  or  the  former,  as  in  wafhing  emery  and  other  fretting  powders. 

Several  chemical  and  a ft  ill  greater  number  of  medical  preparations  are  known; 
by  the  name  of  powders. 

POWDER  OF  ALGAROTH.  This  preparation  is  alfo  called  emetic  pow- 
der, or  mercurius  vita.  It  is  produced  by  adding  water  to  the  butter  of  antimony; 
and  is  a white  calx  of  the  femi-metal.  In  dofes  from  three  to  four  grains  it  is; 
violently  emetic  and  purgative;  but  inconftant  in  its  effefts,  as  are  all  the  pre- 
parations of  antimony  which  are  not  in  theJaline  ftate..  Modern 'medical  practice 
has  rejetfted  it. 

POWDER,  GUN.  See  Gun-powder.  This  powder  is  well  made  when  it 
explodes  with  a bright  clear  flame,  and  does  not  foil  the  plane  on  which  it  is 
burned.  It  is  alfo  reckoned  a good  criterion,  when  a number  of  fmall  feparate. 
heaps  of  powder  are  laid  at  a fmall  diftance  from  each  other,  and  one  being  fired 
does  not  fet  fire  to  the  reft;  becaufe  this  can  only  be  done  by  fmall  grains  of 
powder  or  coal  being  thrown  at  a diftance  before  they  are  completely  burned. 
Such  powder  muft  therefore  be  flow  and  weak  in  its  a-ftiom  But  the  real  force  is 
beft  ascertained  from  the  mechanical  effedt.  This  is  meafured  by  filling  a fmall 
inftrument  or  piftol  called  the  powder  proof,  and  firing  if.  The  explolion  drives 
the  index  of  a wheel-  through  a greater  or  lefs  number  of  divifions,  as  the  powder 
is  ftronger  or  weaker.  Other  inftruments  more  eafily  compared  with  each  other 
have  been  made,  in  which  the  explolion  from  a gun  drives  upwards  a plug  or 
pifton  loaded  with  an  heavy  weighty  to  heights  which  vary  with  the  force.  But 
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the  defcription  of  thefe  is  in  fome  meafure  foreign  to  the  general  objects  of  che- 
mical fcience. 

The  analyfis  of  the  chemift  cannot  fhew  whether  the  parts  of  gunpowder  be 
intimately  mixed  as  they  ought  to  be  to  give  it  all  its  force,,  nor  whether  the  faline 
matter  has  been  partly  feparated,  or  the  coal  rendered  lefs  inflammable  by  damp 
in  the  keeping.  But  it  is  neverthelefs  on  many  accounts  defirable  and  neceffary 
to  know  the  component  parts  of  particular  parcels  of  this  fubrtance.  For  this 
purpofe  the  nitre  may  be  extracted  by  boiling  in  water,  and  its  quantity  afeer- 
tained  by  evaporation  and  cryfhallization,  or  otherwife  by  drying  and  weighing 
the  refidue,  which  is  the  charcoal  and  fulphur.  From  this  refidue  the  fulphur  may 
be  burned  off  on  a metallic  plate  by  a gentle  heat  fufficient  only  to  make  it  fmoke 
by  day-light.  The  remainder  will  be  the  charcoal. 

Robins,  in  his  Principles  of  Gunnery,  has  fliewnthat  the  force  of  the  hot  elaftic 
fluid  extricated  by  the  explolion  of  gunpowder  is  nearly  equal  to  a thoufand 
times  the  preflure  of  the  atmofphere.  This  force  is  feldom  applied  to  any  of 
the  arts  of  peace,  on  account  of  the  expence. 

POWDER  FULMINATING.  See  Fulmination. 

PRASE.  A blueilli  chryfolite.  See  Precious  Stones,  No.  V. 

PRECIOUS  STONES.  Under  this  article  I fhall  collect  the  general  pro- 
perties and  fads  relating  to  the  precious  Hones,  in  addition  to  the  fhorter  notices 
to  be  found  under  their  refpedive  titles  *. 

Stones  which  are  highly  prized  for  their  external  appearance,  and  on  that  ac- 
count denominated  precious,  are,  i.  Diamond.  2.  Ruby.  3.  Sapphire.  4.  Topaz. 
5.  Chryfolite.  6.  Beryl.  7.  Emerald.  8.  Hyacinth.  9.  Amethyft.  10.  Gar- 
net. 11.  Tourmalin.  12.  Opal.  And  of  inferior  note  are,  13.  Rock  Cryftal. 
14.  Cats  Eye.  15.  Hydrophanes  or  Oculus  Mundi.  16.  Chalcedony.  17. 
MoonStone.  18.  Onyx.  19.  Carnelion.  20.  Sardonyx.  21.  Agates;  and 
22.  TheLabradore  Stone. 

I.  The  Diamond.  The  chief  mines  of  diamonds  are  in  the  Afiatic  PeninfuJa 
on  this  fide  of  the  Ganges,  towards  the  Gatte  mountains,  not  only  at  Golconda, 
but  in  many  other  parts,  as  Coulour,  Raolconda,  Bifnagar,  Nouftafanagar,  Par- 
teal,  Latawar,  Soumalpour  and  Malacca;  fome  of  which  are  now  exbaufted  : 
befides  thefe,  diamonds  are  found  in  the  ifland  of  Borneo  ; and  above  all  in 
Brafil,  in  the  province  ofSerra  do  Frio,  in  the  place  called  Cay  de  Marin,  near  the 
river  Milho-Verde.  See  Bomare’s  Mineralogy,  vol.  i.  and  Rome  de  1’  Ifle’s 
Criftallographie,  vol.  ii.  As  to  the  foil  or  mine  in  which  diamonds  are  found., 
M.  Bo  mare  fays,  that  they  are  fometimes  found  ftuck  to  rocks,  and  in  clufters 
like  rock-cryftals ; but  this  feems  to  be  very  feldom  the  cafe.  Tavernier  fays 
(page  327  of  his  fecond  volume),  that  they. are  found  in  a fandy  earth,  and  in 
the  loofe  earth  that  fills  the  clefts  of  fome  rocks.  That  their  mines  at  Gani, 
otherwife  called  Coulour,  where  fix  thoufand  people  were  at  work,  are  in  a 
marfhy  ground.  At  Soumalpour  the  diamonds  are  found  in  the  bed  of  the  river 
Gouel,  whofe  waters  are  turned  with  great  labour  into  another  channel  for  this  pur- 
pofe : and  Engeftrom  fays  he  was  informed  by  very  good  authority,  that  the  Bra- 
iflian  mines  of  diamonds  are  worked  in  the  fame  manner.  At  Borneo  it  is  alfo 
in  the  river  Succadan  that  diamonds  are  found,  according  to  the  fame  Taver- 

* I have  chiefly  availed  myfelf  of  the  fecond  edition  of  Cronfledt’^  Mineralogy,  and  the,  authors 
quoted  by  Magellan  in  his  valuable  Notes., 

4 


nier. 


P R E 


C 689  ) 


P R E 


nier.  But  what  this  famous  traveller  fays  of  certain  diamonds  which  have  a green- 
ifh  cruft,  is  very  remarkable.  Thefe  green  diamonds  burft  into  pieces,  either 
whilft  they  are  in  working  to  receive  a proper  figure,  or  when  in  the  ad  of  being 
polilhed  on  the  wheel : and  he  mentions  a large  diamond,  bought  by  a Jew 
named  Edward,  for  which  25  thoufand  piaftres  (about  500  pounds  fterling)  had 
been  offered  when  brought  to  Leghorn,  that  on  being  fent  to  Venice,  in  order 
to  be  cut  there,  burft  into  nine  pieces  whilft  polifhing  on  the  wheel.  This  con- 
veys, it  feems,  the  idea  of  fome  fimilarity  between  diamonds  and  the  lachryma 
Batavica,  which  may  perhaps  be  extended  to  all  hard  cryftallizations  like  thofe  of 
gems.  See  Glass. 

The  fpecific  gravity  of  diamonds,  according  to  Wallerius,  is  from  3,100  to 
3,400  : Haukfbeejudges  it  to  be  3,666  : Ellicot,  3,519  : Briffon,  3,5212. 

Diamonds  commonly  cryftallize  into  odoedral  forms,  which  however  are  often 
found  fomewhat  irregular,  efpecially  when  the  furface  inclines  to  cryftallize,  du- 
ring the  fhooting  of  the  whole  cryftal,  and  alfo  when  feveral  of  them  unite  to- 
gether into  a group ; in  which  latter  circumftance  the  one  hinders  the  other  from 
affuming  its  regular  form.  But  the  oftoedral  is  not  the  only  regular  form  which 
the  diamond  affumes.  Engeftrom  mentions  a rough  diamond  in  its  native  date, 
in  a regular  cube,  with  its  angles  truncated  or  cut  off. 

Diamonds  of  a dodecaedral  form  are  not  uncommon  : thofe  of  Malacca  are 
rhomboidal  and  cubic  : and  fome  have  been  found  of  fourteen  fides  or  planes. 

The  fubftance  of  diamonds  is  lamellated,  confiding  of  very  thin  plates  like 
thofe  of  talc,  but  extremely  hard  and  intimately  united,  the  diredtion  of  which  the 
lapidary  mud  difcover,  not  only  to  cleave  the  ill-fhaped  diamonds,  but  to  cut  and 
fhape  them  properly.  This  laft  operation  is  performed  by  rubbing  a diamond 
with  another  till  it  has  the  required  figure.  It  is  afterwards  polifhed  upon  an  hori- 
zontal wheel  of  fteel,  employing  the  fame  powder  that  falls  from  their  rubbings, 
with  common  olive  oil.  Such  diamonds  as  have  an  irregular  grain  like  the  knots 
of  wood  cannot  well  be  Ihaped  : and  lapidaries  call  them  diamonds  of  nature. 
See  Bomare’s  Mineralogy,  p.  393,  vol.  i.  The  art  of  cutting  diamonds  was 
invented  in  1476,  by  Louis  de  Berquen,  a native  of  Bruges  in  the  Auftrian 
Netherlands. 

Jeffries,  in  his  Treatife  on  Diamonds,  afferts  very  pofitively,  that,  upon 
the  ftridleft  examination,  there  is  not  leaft  difference  between  thebeft  oriental  and 
Brafilian  diamonds.  It  is  neverthelefs  afferted  that  fome  of  the  latter  are  not 
combuftible. 

There  are  diamonds  of  all  colours,  though  not  deeply  fo,  viz.  fome  incline  to 
the  rofe  colour,  others  to  green,  blue,  brown,  black  : and  fome  have  black 
fpecks.  Tavernier  faw  one  of  this  laft  kind  weighing  about  56  carats  in  the 
treafury  of  the  Mogul ; he  fays  alfo,  that  thejmines  of  Carnatica  produce  yellow 
and  black  diamonds  : and  Mr.  Dutens  fays  (page  13  of  his  Treatife)  that  he 
faw  a black  diamond  at  Vienna,  in  the  collection  of  the  Prince  de  Lichtenftein. 

The  diamond  becomes  phofphoric,  either  by  being  expofed  to  the  folar  rays, 
or  by  being  made  red  hot  in  a crucible  on  the  fire.  When  rubbed  it  becomes 
eledtric,  and  attracts  fmall  pieces  of  ftraw,  paper,  feathers,  hairs  of  animals,  filk, 
&c.  M.  D’Arcet  found,  not  only  that  diamonds  included  in  porcelain  crucibles 
clofe,  or  covered  with  perforated  lids,  and  expofed  to  the  long  and  intenfe  heat  of 
a porcelain  furnace,  were  perfectly  diffipated ; but  alfo,  that  this  ftone  could  in 
a few  hours  be  totally  volatilized  with  a much  inferior  degree  of  heat,  by  expofing 
it  in  a coppel  under  the  muffle  of  an  eftay- furnace.  In  this  latter  experiment, 
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be  obferved,  that  the  diffipation  was  gradual,  and  that  it  was  effe&ed  by  a kind 
of  exfoliation.  The  diffipation  of  diamonds  expofed  in  coppels  was  confirmed 
by  Macquer,  who  further  obferved,  that  the  diamonds  were,  before  the  diffipation 
began,  rendered  by  the  fire  brilliant  and  fhining,  as  it  were  with  a phofphoric 
light.  In  order  to  determine  whether  the  diffipation  of  diamonds  was  adually 
effected  by  their  reduction  into  vapour,  or  by  a combuftion  or  other  effed  of  air 
upon  them,  Meffrs.  Lavoifier,  Macquer  and  Cadet  expofed  diamonds  to  intenfc 
heat  in  an  earthen  retort  during  feveral  hours,  but  without  any  other  effed  than 
that  their  polifh  was  deftroyed,  and  about  4 of  their  weight  diminifhed.  M. 
Mitouard  put  diamonds  in  a tobacco-pipe  filled  with  pounded  charcoal  and  accu- 
rately clofed  with  lute.  He  further  fecured  the  diamonds  from  accefs  of  air  or 
flame,. by  placing  the  tobacco-pipe  in  a crucible  to  which  another  crucible  was 
inverted  and  carefully  luted.  The  diamonds  thus  fecluded  from  external  air 
having  been  expofed  to  the  mod  intenfe  heat  which  could  be  excited  in  a well 
conftruded  furnace,  were  not  thereby  altered  or  diminifhed.  M.  Mitouard  was 
induced  to  believe,  that  the  charcoal  conduced-  to  the  prefervation  of  diamonds 
not  merely  by  excluding  the  air,  but  by  fome  peculiar  property,  which  he  fup- 
pofes  may  be  the  fame  as  that  by  which  this  fubftance  defends  metals  from  de- 
ftru&ion  by  fire.  He  was  confirmed  in  his  opinion  by  obferving  that  diamonds, 
were  not  preferved  from  the  a&ion  of  fire  by  furrounding  them  with  powder  of 
chalk,  and  of  calcined  hartfhorn,  and  including  them  in  clofe  veffels,  fo  well 
as  when  the  charcoal  had  been  employed.  Some  chemifts  even  thought  that  the 
perfedt  exclufion  of  air  alone  was  fufficient  to  preferve  diamonds,  and  doubted 
whether  the  balls  and  crucibles  of  porcelain  employed  by  M.  D’Arcet  had  ex- 
cluded the  air  with  fufficient  accuracy.  Indeed,  in  one  of  M.  D’Arcet’s  own 
experiments,  a diamond  included  in  a ball  of  porcelain  had  refilled  the  adfion  of 
fire.  In  order  to  afeertain  this  queftion,  M.  Cadet  expofed  diamonds  in  covered 
and  luted  crucibles  to  the  violent  heat  of  a forge  during  two  hours;  by  which 
operation  the  diamonds  loft  only -rV  part  of  their  weight.  He  infers  that  the 
deftruftion  of  diamonds  by  fire  in  open  veffels  is  not  a true  volatilization,  but 
merely  an  exfoliation,  caufed  by  the  fire  expanding  the  air  contained  between  the 
thin  plates  of  which  thefe  Hones  confift,  and  that  by  this  exfoliation  or  decrepi- 
tation thefe  plates  are  reduced  to  fo  fine  a powder  as  to  efcape  obfervation.  M. 
D’Arcet  objected  againft  the  experiments  of  his  adverfaries,  that  they  were  nos 
of  fufficient  duration  to  decide  againft  his,  which  had  lafted  feveral  days.  He  re- 
newed and  multiplied  his  experiments,  which  confirmed  him  in  his  opinion  of  the 
volatilization  of  diamonds  in  veffels  perfectly  clofed;  and  that  this  effect  of  fire 
on  diamonds  is  not  a mere  exfoliation  or  mechanical  feparation  of  the  plates  cf 
which  thefe  ftones  confift,  he  infers  from  the  parts  of  the  diamonds- pervading  the 
molt  folid  porcelain  crucibles  without  being  perceptible,  and  from  the  luminous 
appearance  firft  noticed  by  M.  Macquer,  and  which,  was- afterwards  obferved  by 
M.  Roux  to  be  an  adtual  flame.  Some  beautiful  experiments  have  been  lately 
made  at  Prague  on  the  combuftion  of  diamonds.  (AnnaJes  de  Chimie,  for  No- 
vember 1791.)  To  the  diamond  which  is  to  be  burned  is  fattened  a piece  of 
iron  wire,  which  is  then  made  red  hot,  and  plunged  into  ajar  containing  dephlo- 
gifticated  air.  The  fire  from  the  iron  wire  fp-reads  to  the  diamond,  which  burns 
with  the  greateft  vividnefs.  Some  diamonds,  fuch  for  inftanee  as  thofe  which 
come  from  Brafil,  cannot  be  made  to  burn  by  this  treatment.  On  account  of  the 
dearnefs  of  thefe  fubftances,  the  experiments  have  not  yet  been  carried  to  any 
great  length ; but  Mr.  Landriani  hopes  to  prevail  upon  the  Emperor  to  have  diem 
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repeated,  with  a view  to  afcertain  the  quantity  and  quality  of  therefidues,  the  al- 
teration which  the  air  in  which  they  are  burned  undergoes,  and  the  caufe  of  the 
great  difference  in  the  qualities  of  diamonds.  For  the  value  of  diamonds,  fee 
Diamonds. 

The  jargon  has  been  confidered  as  a foft  diamond,  but  is  very  different  in  its 
nature.  See  Jargon. 

II.  The  Ruby.  Red  ruby.  Adamas  ruber.  Rubinus.  The  ruby  was 
formerly  confidered  as  of  the  fame  kind  with  the  diamond  ; but  latter  experi- 
ments {hew  how  widely  diamonds  differ  from  any  other  gems  by  their  condim- 
ent parts. 

According  to  Tavernier,  vol.  ii.  p.  356,  and  Dutens,  p.  23,  all  coloured 
hard  {tones  are  called  rubies  in  the  Eaft  Indian  mines,  adding  to  each  its  different 
colour  for  diftindtion  fake;  but  there  arealfo  fome  foft  {tones  of  this  kind  which 
they  call  bacan  : and  Wallerius,  as  well  as  Rome  de  rifle,  rightly  aflerts  that  the 
oriental  (the  hard  and  brilliant)  rubies,  fapphires  and  topazes  are  the  very  fame 
{tone,  the  colour  excepted.  It  is  certain  that  they  have  the  fame  form,  and  fome 
are  partly  red,  and  partly  blue,  yellow,  or  quite  colourlefs.  As  to  their  colour,  it 
proceeds  from  the  martial  mixture  which  enters  into  their  compofition.  Rubies 
are  found  in  the  Capelan  mountain  of  Pegu,  at  Caos  Ava,  Bifnagar,  Calicut, 
Cananor,  Ceilan  and  Brafil.  They  are  found  in  the  fands  of  rivers  of  a red 
colour,  in  an  argillaceous  earth  of  a hard  texture,  and  of  a greenifh  colour ; and 
fometimes  they  are  adherent  to  red  rocks. 

Tavernier  fpeaks  of  108  rubies  in  the  Mogul’s  throne,  from  100  to  200  ca- 
rats, and  of  a round  one  of  almoft  two  ounces  and  a half : and  Robert  de  Ber- 
quen  fpeaks  of  one  of  244,  another  of  123,  and  another  of  209  carats. 

Of  rubies,  according  to  Cronfledt,  there  are  four  kinds.  1 . The  ruby  of  a deep 
red  colour,  inclining  a little  to  purple.  This  is  the  carbu’nculus  of  Pliny;  but 
all  red  gems  were  fo  called  by  the  ancients.  Thofe  of  a deeper  colour  are  called 
almandini,  according  to  Wallerius ; and  the  jewellers  call  this  the  oriental  ruby 
on  account  of  its  hardnefs  and  brilliancy.  By  the  experiments  of  M.  D’Arcet  the 
ruby  does  not  lofe  its  colour  in  the  greateft  fire  : but  Henckel,  by  means  of  a 
burning  glafs,  foftened  it  fo  as  to  receive  the  impreflion  of  a feal  of  jafper. 
This  ruby  is  the  hardeft  gem  after  the  diamond ; and, being  rubbed  becomes 
ele&ric. 

Its  fpccific  gravity,  according  to  Bergman,  is  from  3,180  to  4,240.  Accord- 
ing to  Briflon,  it  is  = 4,283. 

Its  texture  is  foliated  like  that  of  the  diamond  : it  is  fufible  with  borax  in  a 
violent  and  long  continued  heat ; and  forms  a tranfparent  glafs  of  a pale  green  : 
it  does  the  fame  with  microcofnlic  fait : but  with  fedadve  {alt,  or  mineral  or  ve- 
getable alkali,  the  glafs  is  opakc  and  of  various  colours.  See  the  various  expe- 
riments ofMeflrs.  Bergman  and  Achard  on  this  kind  of  gems. 

A perfed  ruby  above  3J  carats  weight,  according  to  Dutens,  is  more  valuable 
than  a diamond  equally  heavy  : if  it  weighs  one  carat,  it  is  worth  10  guineas; 
if  two  carats  40  guineas ; if  three  carats,  1 50  guineas ; if  fix  carats,  above  1000 
guineas. 

2.  The  fpinell  ruby  of  a ponceau  red,  that  is,  of  a bright  corn- poppy-flower 
colour. 

Rome  de  PIfle  from  Briflon  acquaints  us,  that  the  form  of  this  ruby  is  odtoe- 
dral : its  fpecific  gravity  is  3,760,  of  that  from  Brafil  3,531. 

Thefe  rubies  are  found  in  Hungary,  Silefia,  Bohemia,  and  fome  in  Brafil  ac- 
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cording  to  Bomare  and  R.  de  l’lfle.  Their  value,  according  to  Dutens,  is 
reckoned  at  the  half  of  diamonds  of  the  fame  weight. 

Rubies  are  artificially  made  from  topazes  of  Brafil,  of  a fmoky  appearance,  by 
giving  them  a gradual  heat  in  a crucible  filled  withafhes,  until  it  is  red-hot.  SeeR. 
de  Rifle  and  Dutens,  who  quote  the  Hiftory  of  the  Royal  Academy  of  Sciences 
of  Paris  for  the  year  174 7.  It  was  Dumelle,  a jeweller,  who  communicated 
this  fecret  to  Mr.  Guetard  of  the  Royal  Academy  of  Sciences  at  Paris. 

3.  The  balafs-ruby,  pale  red  inclining  to  violet.  This  is  fuppofed  to  be  the 
mother  of  rubies : it  comes  chiefly  from  Brafil,  although  fome  come  likewife  from 
the  Eaft  Indies.  The  value  of  the  balafs-ruby  is  at  the  rate  of  thirty  Ihillings 
per  carat.  Dut. 

4.  The  rubicell,  of  a reddifh  colour.  But  authors  do  not  agree  in  the  cha- 
racters of  thefe  Hones. 

They  come  alfo  from  Brafil,  but  it  is  faid  that  their  colour  is  loft  in  the  fire  : 
if  fo,  they  muff  be  of  a different  nature  from  the  Brafilian  topaz,  which  gets  a red 
colour  from  fire,  as  has  been  already  obferved. 

Therubino  di  roccaof  the  Italians,  or  rubinus  rupium,  according  to  Bomare, 
is  a true  garnet,  of  a deep  red  and  violet,  or  of  the  amethyft  colour.  What  is 
called  ruby  of  arfenic,  or  of  fulphur,  is  the  realgar  : the  ruby  of  zinc  is  the  red 
blend  : and  the  ruby  of  filver  is  the  red  filver  ore,  &c. 

III.  The  Sapphire.  Sapphirus  gemma.  It  is  tranfparent,  of  a blue  colour, 
and  is  faid  to  be  the  hardeft  next  to  the  ruby,  or  diamond. 

The  fapphires  in  their  rough  and  native  ftate  cryftallize  mod  generally  in  twa 
oblong  hexagonal  pyramids  pointed  at  their  tops,  and  joined  at  their  bafis  : yet 
they  are  fometimes  found  of  an  hexagonal  columnar  form.  In  the  fire  they  lofe 
their  blue  colour. 

Engeftrom  informs  us,  that  he  has  found  fome  of  the  deep  blue  fapphires, 
and  fome  of  a milky  colour,  which,  when  looked  through,  varied  their  colours  in 
the  fame  manner  as  the  milky  blueifti  opals.  This  is  however  no  reafon  why 
thofe  opals  Ihould  be  marked  under  the  name  of  fapphire,  and  lefs  fo  fince  there 
are  alfo  agates  found  of  the  fame  quality.  This  might  rather  give  rife  to  a quef- 
tion,  whether  the  name  of  milky  or  blueilh  opal  is  not  to  be  confidered  as  a vague 
term,  fince  that  principal  quality  is  found  in  ftones  of  a fomewhat  different  nature, 
though  they  all  belong  to  the  flinty  order. 

Sapphires  are  faid  to  be  found  in  Allatia,  at  St.  Amarin  ; but  accounts  of  this 
kind  are  in  general  not  to  be  depended  upon,  as  the  fluors  are  frequently  met 
with  in  collections  and  in  the  druggifts’  fhops  under  the  name  of  fapphires,  when 
they  are  of  a deep  blue  colour ; not  to  mention  that  the  quartz  is  always  termed 
a precious  Hone,  whenever  it  is  found  clear  and  of  a fine  colour.  The  fapphire 
is  faid  to  lofe  its  blue  colour  in  the  fire.  Thofe  which  are  but  little  tinged,  are 
called  white  fapphires.  The  fapphire  is  feldom  found  of  a very  deep  blue  co- 
lour, and  free  from  parallel  flaws  which  run  through  it. 

The  fine  hard  fapphires,  or,  as  jewellers  call  them,  the' oriental  ones,  are 
according  to  Engeftrom  of  the  fame  kind  as  the  ruby  and  the  topaz,  their  co- 
lour excepted. 

The  late  King  of  France,  as  we  are  informed  by  R.  de  rifle  and  R.  de  Berquin, 
had  one  with  a yellow  ftripe  of  a fine  topaz  in  the  middle.  Some  are  found  half 
green  and  half  red.  This  fubftance  is  foliated  like  the  ruby ; thofe  from  Puy  in 
Auvergne  feem  to  approach  to  the  true  fapphire,  by  their  form  and  fpecific  gra- 
vity ; but  they  lofe  both  their  colour  and  tranfparency  by  fire,  and  become 
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black  and  even  vitrify,  according  to  R.  de  l’Ifle,  which  proves  that  they  are  of  a 
different  kind. 

It  is  faid  that  fapphires  lofe  their  colour  by  fire,  and  remain  fo  hard  and  tranf- 
parent  as  to  pafs  fometimes  for  diamonds.  But  Mr.  Achard  found  that  they  are 
not  altered  in  the  lead  by  fire,  in  colour,  hardnefs,  or  weight : however,  thefe  cir- 
cumftances  may  not  be  common  to  all  fapphires. 

According  to  Bergman,  the  fapphire  is  the  third  in  hardnefs,  the  ruby  being  the 
hardeft  of  all  after  the  diamond  : and  according  to  R.  de  l’lfle  it  becomes  eledric 
by  being  rubbed.  Its  name  was  taken  from  Sow npsy,  the  place  where  they  were 
found,  according  to  Lemery,  quoted  by  Bomare.  But  it  is  evident,  fays  Engef- 
trom,  from  Pliny  (lib.  37.  cap.  9.),  that  the  fapphire  of  the  ancients  was  our 
lapis  lazuli. 

Its  fpecific  gravity,  according  to  Bergman,  is  from  3650  to  3940 ; but  ac- 
cording to  R.  de  l’lfle  the  oriental  is  n 3,994  : theBrafilian  n 3,1307  : and  that 
from  Puy  = 4,0769.  The  fapphire  when  powdered  is  fufible  with  borax,  or 
with  microcofmic  fait,  into  a tranfparent  glafs,  as  well  as  with  magnefia  alba. 
Bergman  and  Achard  found  nearly  the  fame  refults  from  the  analyfis  of  this  gem. 

They  are  found  in  the  fame  place  as  rubies  : and  thofe  called  occidental,  are 
alfo  formed  in  Siberia,  Bohemia,  Alface,  and  Auvergne.  Rome  de  PIfle 
fpeaks  of  one  of  this  laft  place,  which  was  entirely  green  or  blue,  according  to 
the  fide  it  was  looked  through. 

Dutens  informs  us,  that  a good  fapphire  of  10  carats  is  valued  at  50  guineas. 
If  it  weighs  20  carats,  its  value  is  200  guineas ; but  under  two  carats  it  may  be 
valued  by  multiplying  the  carat  at  10s.  6d.  into  the  fquare  of  its  weight. 

Sapphires  are  preferable  to  common  rubies,  for  jewelling  the  pallets  of  efcape- 
ments,  and  the  holes  of  wheel-pivots,  in  adronomical  watches  and  clocks,  on  ac- 
count of  the  homogeneous  hardnefs  of  their  fubftance : becaufe  there  are  red 
ftones  which  are  called  rubies,  but  are  not  uniformly  hard. 

IV.  The  Topaz.  Topazius  gemma.  According  to  Pliny  (lib.  37.  cap.  8.), 
this  gem  took  its  name  from  an  ifland  in  the  Red  Sea,  where  it  was  firft  found ; 
but  it  is  evident  from  his  words  that  it  was  fome  kind  of  lapis  ollaris,  fufible 
fpat,  or  other  kind  of  (lone  of  a greenilh-yellow  caft,  that  the  ancients  called 
topaz ; fince  he  fpeaks  of  a topaz  of  a greenifh  colour,  and  four  cubits  large, 
viz.  above  fix  Englilh  feet  (—  68,476  French  inches  = 72,978  Englilh  inches), 
which  cannot  be  applied  either  to  our  topaz  or  to  our  chryfolite,  as  fome  pretend. 
It  appears,  however,  from  the  following  chapter  of  the  fame  author,  that  our 
topaz  was  called  chryfolite  by  the  ancients,  as  its  name  indicates:  but  what  he 
fays  of  one  Bocchus,  who  had  feen  one  of  thofe  gems  of  12  Roman  pounds 
weight,  or  10,78  pounds  troy,  is  not  incredible;  fince  there  is  now  a rough 
topaz  in  the  Prince’s  cabinet  at  the  Hague,  of  the  fhape  of  an  egg,  that  is  up- 
wards of  feven  inches  in  length,  and  mud  confequently  weigh  confiderably  more 
than  the  above.  This  topaz,  which  I faw  many  years  ago,  has  the  appearance 
of  a pebble  rounded  by  water.  Its  furface  and  colour  refembled  rofin.  A con- 
fiderable  piece  had  been  broken  from  one  end,  where  the  fradure  appears  vitreous 
and  the  done  clear.  I fuppofe  it  mud  have  been  from  trials  with  this  piece,  that 
its  claim  to  the  charader  of  a topaz  was  afeertained. 

The  topaz,  when  rough  and  perfed,  is  fold  in  a crydallized  form.  At 
Schneckendein  in  Saxony,  thefe  crydals  are  found  of  a prifmatical  odoedral 
form,  with  no  points,  but  flat,  and  with  fome  facets  at  the  top ; perhaps  the 
oriental  topazes  have  another  figure. 
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Engeftrom  mentions  fome  rough  Brazil  topazes,  which  were  in  his  pofleflion, 
and  were  prifmatical,  and  of  a rhomboidal  quadrangular  figure,  pointed  at  one 
end.  It  is  very  likely,  that  thefe,  as  well  as  many  other  cryftals,  may  be  pointed 
at  both  ends,  when  nothing  has  interrupted  their  cryftallization. 

He  mentions,  befides  thefe,  fome  fragments  of  other  topazes  in  his  pofleflion, 
which  were  likewife  faid  to  be  from  the  Brazils,  all  which  were  prifmatical,  but 
plainly  (hewed  that  fome  are  pentagonal,  and  others  regular  hexagons  with 
points. 

The  topazes  lofe  their  colour  in  the  fire  ; but  fome  of  them  turn  red  in  a cer- 
tain degree  of  heat,  and  are  therefore  very  much  ufed  inftead  of  the  pale  rubies, 
and  even  are  often  fold  as  fuch. 

According  to  R.  de  l’Kle  and  Dutens,  the  topaz  is  ofalamellatedftrudture,  like 
the  other  gems : it  is  the  third  in  hardnefs  after  the  diamond,  and  on  being 
rubbed  becomes  ele&ric.  Its  form  is  prifmatic  of  fix  or  eight  (ides,  ending  in 
two  quadrangular  pyramids.  Some  are  ftriated,  fome  are  of  a rhomboidal  figure, 
and  fome  are  even  of  a cubic  form. 

Their  fpecific  gravity  is  from  3,460  to  4,560,  according  to  Bergman;  but 
according  to  Briffonit  is  equal  to  4,0106 : and  R.  de  l’Kle  informs  us  that  thofe  of 
Brazil  = 3,5365. 

The  topaz  appears  white  when  reduced  to  powder,  melts  eafily  with  borax  and 
lime;  and  when  calcined  is  confiderably  altered,  lofes  its  colour,  and  acquires 
weight. 

The  bed  topazes  are  called  oriental:  they  have  the  fame  properties  as  rubies 
and  fapphires,  the  colour  excepted.  They  are  found  in  Pegu,  Ceylon,  Arabia, 
Egypt,  and  Brazil. 

Thofe  called  occidental  lofe  their  colour,  tranfparency,  and  hardnefs  in  the 
fire.  The  topazes  from  Saxony,  though  they  are  as  hard  as  the  oriental,  agree 
with  the  occidental  in  their  other  properties. 

Experiments  by  fire  have  been  made  on  the  Schneckenftein  topazes  by  Mr.  Pott, 
as  may  be  feen  in  his  Lithogeognefia;  The  rock  of  Schneckenftein  in  the  valley 
of  Danneberg  in  Voigtland  of  the  Upper  Saxony,  is  about  80  feet  high,  and 
about  three  times  as  much  in  its  bafe  : it  is  as  hard  as  the  topazes  themfelves, 
and  its  powder  is  employed  in  polifhing  them. 

But  we  have  fome  topazes  from  Brazil,  whofe  fubftance  is  widely  different, 
as  they  do  not  lofe  their  tranfparency  nor  hardnefs  by  fire;  but  even  turn  red 
like  a fine  ruby,  and  are  fold  as  fuch.  Thofe  from  Bohemia  are  in  large  prifms : 
their  colour  inclines  to  the  hyacinth  : and  fome  are  colourlefs,  as  is  the  cafe  with 
fome  fapphires. 

Tavernier  fpeaks  of  a very  fine  topaz  belonging  to  the  Mogul,  of  1 574  carats : 
and  many  others  are  known  of  a very  large  fize. 

The  oriental  topaz  is  valued  by  multiplying  the  fquare  of  its  weight  in  carats 
into  15  or  16  (hillings  ; and  the  occidental  one  at  the  rate  of  five  or  fix  (hillings. 

To  the  Schneckenftein  topaz  Cronftedt  refers,  1.  The  pale  yellow  topaz, 
which  is  almoft  colourlefs,  and  is  found  at  Schneckenftein.  2.  The  yellow  topaz 
from  Schneckenftein.  3.  The  deep  yellow,  or  gold-coloured  topaz,  which  is 
the  oriental  topaz  ; and  4.  The  orange-coloured  topaz. 

V.  The  Chrysolite.  See  the  article. 

VI.  The  Beryl.  This  is  a blueilh-green  topaz,  which  varies  in  its  colours, 
and  is  called,  when  of  a fea- green  colour,  the  aqua  marina,  but  when  more 
green  the  beryl. 
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According  to  R.  de  PIfle  the  aqua  marina  found  by  Pallas  in  the  mountain 
Adontfcholo  of  Siberia,  the  Peru  emerald,  and  the  chryfolite  from  Brazil,  are 
nearly  the  fame,  both  in  their  form  and  in  their  fpecific  gravity.  Briflon  fays, 
that  this  laft  of  the  Siberian  aqua  marina  is  2,7213.  According  to  Sage,  quoted 
by  R.  de  rifle,  it  does  not  vitrify  in  the  fire,  but  becomes  opake,  and  cracks 
in  its  furface. 

The  great  Saxon  mineral ogift,  and  fuperintendant  of  the  mines,  M.  Pabft  von 
Oheim,  who  has  a very  inftrudtive  colledlion,  likewife  poflefles  fuch  an  odtoedral 
aqua  marina,  on  a piece  of  quartz  drufe  from  Schneckenftein,  growing  among 
fame  yellow  topazes.  It  has  no  points,  and  the  whole  cryftal  has  a flaw  acrofs 
the  prifm. 

Mr.  Dutens  informs  us,  that  the  beryl  and  aqua  marina  are  tranfparent,  and 
of  a green  blue  colour : fome  jewellers  erroneoufly  call  them  by  the  name  of 
oriental  coralina.  They  come  from  Ceylan,  from  the  fhores  of  Euphrates,  from 
the  neighbourhood  of  mount  Taurus,  and  from  Brazil. 

Beryls  are  found  in  the  ftream-works  in  Saxony  and  Bohemia,  in  the  form  of 
pebbles,  or  round  pieces. 

VII.  The  Emerald.  Lat.  Smaragd us  gemma.  Swed.  and  Germ.  Smaragd. 
Fr.  Emerhaude. 

The  Romans  called  it  the  Neronian  or  Domitian  gem.  The  Perfians  and 
Indians  call  it  pachac:  and  the  Arabians  zamarrut,  from  whence  it  is  fuppofed 
the  word  fmaragdus  is  derived. 

According  toR.  del’Ifle,the  oriental  emerald  is  a true  fapphireof  a green  colour. 

The  chief  colour  of  the  emerald  is  green,  and  it  is  tranfparent.  In  their 
rough  or  native  ftate,  emeralds  confift.  of  hexagonal  columns,  moftly  truncated 
at  both  ends.  Engeftrom  informs  us,  that  he  had  famples  of  both  tranfparent 
grafs-green  and  light  green  colours,  which  in  a gentle  heat  became  colourlefsj 
but  white  and  opake  in  a ftrong  fire,  without  the  leaft  mark  of  any  fufion. 

The  fame  author  obferves,  that  when  cryftallized  cockle  or  fhirl  is  found  of  a 
green  colour,  tranfparent,  and  free  from  cracks  or  flaws,  it  is  commonly  called 
emerald  by  the  jewellers,  though  it  is  generally  of  a deeper  colour  than  the  true 
emeralds,  and  alfo  wants  their  luftre ; and  hence  it  is,  that  the  cockle- fpar  from 
Egypt  is  called  the  mother  of  emeralds.  However  it  may  be,  this  cockle  was 
in  ancient  times  falhionable  in  Egypt,  under  the  name  of  emerald,  though  at 
prefent  it  is  not  fo  much  valued  as  the  emerald  of  this  (filiceous)  kind. 

Cronftedr  is  of  opinion  that  the  emerald  is,  or  has  been,  a cryftal  of  its  own 
feparate  principle,  fince  in  its  qualities  it  differs  both  from  the  above-mentioned 
and  from  the  rock  cryftal.  This  however  he  fays  he  cannot  pofitively  aflert,  as 
he  knows  no  more  of  it,  than  that  it  is  the  fofteft  of  precious  ftones,  and  that 
when  heated  it  is  phofphorefcent  like  the  floors- 

According  to  Wallerius,  the  emerald,  when  heated  to  a white  heat,  becomes 
of  a deep  blue,  and  phofphorefcent.  It  however  recovers  its  green  colour 
when  cold.  When  pulverized  it  becomes  white  j and  melts  with  borax  to  a 
very  thin  colourlefs  glafs. 

Rome  de  l’lffe  fays,  that  it  becomes  eledtric  by  being  rubbed. 

Its  fpecific  gravity,  according  to  Wallerius,  is  2,700,  or  2,800.  Briflon 
makes  it  2,7755 : and  Bergtftan  from  2,780  to  3,7  1 1. 

Of  emeralds  there  are  two  kinds.  1.  The  pale  green  emerald,  which  comes 
from  the  eaft  and  from  Peru.  According  to  Brunnich,  the  figure  of  ihefe 
emeralds  is  an  hexagonal  truncated  prifm.  Their  bafts  is  a vein  ot  white  quartz. 
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The  fined  drufe  or  cluder  of  this  kind  is  to  be  feen  at  Loretto  in  the  treafure  of 
the  Holy  Chapel  near  Ancona,  confiding  of  more  than  100  great  and  fmall  eme- 
ralds. A fellow  to  it  is  made  by  art,  and  both  are  prefents  of  the  King  of  the 
two  Sicilies,  to  reprefent  two  Mount  Calvaries. 

2.  The  dark  green  emerald.  Thefe  are  columnar,  and  driped  longitudinally  j 
their  colour  is  very  dark,  and  they  are  hardly  tranfparent.  The  points  are  gene- 
rally broken  off,  though  Davilla  mentions  one  in  form  of  a blunted  triangular 
pyramid.  There  is  one  with  a five-fided  pyramid  in  the”  Imperial  cabinet  at 
Vienna.  Some  of  them,  which  mud  be  feleded  by  trials,  have  the  properties  of 
the  tourmalin,  of  attracting  afhes,  when  they  are  laid  on  burning  coals,  and 
acquire  a certain  degree  of  heat ; but  Brunnich  fays,  he  never  could  difcover 
that  they  repelled  them  again. 

They  do  not  attradl  fo  drongly  as  the  tourmalin.  The  Prince  of  Noja,  in  his 
letter  on  the  tourmalin,  mentions  the  Brazilian  emeralds  among  thofe  hard  dones, 
which,  when  they  are  put  into  the  fire,  receive  no  ele&ric  power  like  the  tour- 
malin : but  he  was  poffeffed  of,  and  tried,  fuch  as  really  had  not  that  quality. 
The  celebrated  infpe&or  of  the  Audrian  mines,  M.  Jacquin,  was  a witnefs  to 
the  experiments  of  Brunnich. 

That  which  in  fome  cabinets  is  exhibited  as  the  matrix  of  the  emerald,  and 
faid  to  come  from  Egypt,  is  nothing  but  a deep  green  cockle  fpar,  of  which 
colour  we  likewife  find  cockle,  or  fhirl,  in  the  ifland  of  Uto  near  Stockholm, 
and  at  Norberg,  in  the  province  of  Wedmanland. 

Mr.  Mailet  informs  us,  that  in  former  times  the  bed  emeralds  were  found  in 
Egypt. 

Pliny  mentions  (lib.  37.  c.  5.)  twelve  kinds  of  emeralds:  but  from  his  words 
it  clearly  appears  that  many  of  thefe  were  different  green  dones,  fo  called  by 
the  ancients.  Theophradus  fays  (page  65  of  Hill’s  edition),  that  in  the  records 
of  the  Egyptian  kings,  mention  is  made  of  an  emerald  four  cubits  long,  and 
three  broad  : and  of  an  obelilk  compofed  of  four  emeralds,  which  was  40  cubits 
long,  and  from  four  to  two  cubits  wide.  Each  Egyptian  cubit,  according  to 
Paudon,  is  equal  to  io-Aro^  French  inches,  or  near  1 1 Englifh  inches.  If  thefe 
and  like  accounts  of  large  emeralds  are  to  be  depended  upon,  we  mud  think  they 
were  fome  fparry  duors  like  thofe  we  have  in  Derbyfhire,  or  fome  green  glades, 
like  thofe  manufadured  in  England,  which  are  as  beautiful  as  the  true  emeralds: 
and  of  this  kind  feems  to  be  that  large  one  kept  in  the  Abbey  of  Reychenau 
near  the  Lake  of  Condance,  mentioned  by  Rome  de  Tide,  page  246,  vol.  ii. 
of  his  Crydallography,  which  meafures  above  two  feet  and  a half  in  length. 

VIII.  The  Hyacinth.  To  the  precious  dones  belong  alfo  the  jacinths,  or 
hyacinths,  which  are  crydals  harder  than  quartz  crydals,  tranfparent,  and  of  a 
fine  reddifli-yellow  colour  when  in  their  full  ludre. 

The  bed  hyacinths  come  from  Arabia,  Calecut  and  Cambaya.  According  to 
R.  de  l’Ide  and  Dutens,  they  only  differ  in  colour  from  rubies.  They  are  called 
oriental,  when  very  hard  and  brilliant;  and  they  are  then  reckoned  among 
topazes  : but  when  they  are  foft,  they  belong  to  the  garnet  kind : thofe  from 
Compodella  in  Spain  are  of  this  lad  fort.  _ 

According  to  Dutens,  the  fpecific  gravity  of  this  gem  is  2,631  : but  Rome 
de  l’lfle  fays  that  Briffon  found  it  be  3,6873  ; and  thofe  of  Europe  3,760. 

Hyacinths  are  formed  in  prifms  pointed  at  both  ends;  thefe  points  are  always 
regular,  with  refped  to  the  number  of  the  facets,  being  four  on  each  point, 
biit  the  facets  feldom  tarry:  the  fides  alfo  which  form  the  main  body,  or  column* 
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are  very  uncertain,  both  as  to  their  number  and  drape  ; for  they  are  found  of 
four,  five,  fix,  feven^and  fometimes  of  eight  fides  : and  befides  this,  the  column 
or  prifm  is  in  fome  fo  compreffed,  as  almoft  to  refemble  the  face  of  a fpherical 
facetted  garnet. 

According  to  R.  de  l’lfle,  they  are  of  a dodecaedral  form,  like  the  garnet,  but 
their  angles  are  more  obtufe. 

R.  de  rifle  and  Dutens  inform  us,  that  the  jacintala  bella  of  the  Italians  is  a 
garnet  of  this  yellowifh  hue:  but  when  it  is  more  of  a reddilh  colour,  it  is  then 
called  vermeille  by  the  French. 

According  to  Mr.  Dutens  too,  the  chryfoledre  is  a yellow-brown  hyacinth, 
like  honey,  or  amber,  but  very  diftind  from  the  above  two  by  being  lefs  hard, 
and  by  not  having  any  eledric  power. 

Thefe  cryftals  lofe  their  colour,  become  white,  and  do  not  melt  in  the  fire ; 
by  which  qualities  chiefly  they  may  be  diftinguifhed  from  garnets,  which  are 
likewife  fometimes  found  of  a colour  not  inferior  to  the  true  jacinths.  The  red- 
difh-yellow  garnets  from  Greenland  are  fold  by  the  jewellers  for  jacinths ; fo  are 
likewife  the  Eaft  Indian  garnets  of  the  fame  colour;  and,  what  is  ftill  more, 
there  are  fome  jewellers  that  do  not  know  the  true  diftindions  between  a jacinth 
and  a garnet  at  all,  but  buy  and  fell  the  garnets  for  jacinths,  when  they  are  of 
a fine  reddifh-yellow  colour  : this  mull  in  particular  be  owing  to  the  fcarcity  of 
the  true  jacinth. 

Cronftedt  had  fome  jacinths  in  his  poffefiion  of  a quadrangular  figure,  which 
did  not  melt  in  the  fire,  but  only  became  colourlefs.  This  confirms  what  has 
been  already  mentioned  about  the  jacinths  above  defcribed. 

IX.  The  Amethyst.  The  amethyfts  called  occidental  are  of  the  fame  nature 
as  rock  cryftals,  and  have  the  fame  gradations,  viz.  of  a violet  inclining  to  the 
purple  or  rofy  colour,  or  inclining  to  the  blue.  They  are  very  often  femi-  tranfpa- 
rent  without  any  colour  in  one  end,  and  violet  towards  the  other.  The  beft  are 
found  in  the  Vic  mountains  of  Catalonia  in  Spain,  and  at  Wiefenthal  in  Saxony,  as 
well  asjn  Bohemia,  in  Germany,  in  Italy,  and  in  the  province  of  Auvergne  in  France. 

Cryftals  within  the  geodes,  or  hollow  agate,  are,  according  to  R.  de  l’lfle, 
very  often  found  of  an  amethyft  colour,  and  fome  are  very  fine. 

What  is  now  called  amethyft  root,  or  mother  of  amethyft,  is  but  a fparry 
fluor,  of  which  there  are  plenty  in  Derbyfhire.  Many  fine  ornamental  pieces 
are  made  of  this  fubftance  in  different  forms  and  fhapes.  Thefe  fpars  are  found 
in  infulated  maffes,  fometimes  pretty  large,  but  never  in  the  form  of  large  rocks. 

X.  The  Garnet.  Lat.  Granatus,  Swed.  Aeda  or  Klar  Granat.  French, 
Granat.  Germ.  Echter  or  Klarer  Granat.  See  Garnet. 

The  garnets  of  Bohemia,  according  to  Cotes,  have  a fpecific  gravity  of  4,360; 
and  thofe  of  Sweden,  according  to  the  fame  author,  3,978. 

Their  colour  proceeds  from  the  iron  which  enters  into  their  compofition  ; and 
M.  de  Saufliire  afferts,  that  even  the  fineft  oriental  garnets  attrad  the  magnetic 
needle  at  a fmail  diftance. 

The  Syrian  garnet  is  the  fineft  and  moft  efteemed.  It  is  of  a fine  red  inclin- 
ing to  the  purple  colour,  very  diaphanous,  but  lefs  brilliant  than  the  oriental 
amethyft.  It  feems  to  be  the  amethyftizontas  of  Pliny  : the  Italians  call  it 
rubino  di  rocca,  and  it  is  found  in  Syria,  Calicutt,  Cananor,  Camboya,  and 
Ethiopia. 

The  fine  garnet  of  a red  inclining  to  a yellow  colour  is  the  foranus  of  the 
ancients,  the  vermeille  of  the  French  ; and  the  giacinto  guarnacino  of  the  Italians. 
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Its  name  is  taken  from  Sorian,  or  Surian,  a capital  town  of  Pegu,  from  whence 
thefe  gems  are  brought : when  they  have  a browniffi  tint,  they  are  then  called 
hyacinths. 

The  occidental  garnet  is  of  a deep  and  dark  red,  and  its  hardnefs  is  lefs. 
However,  fome  very  fine  hard  garnets  are  found  in  Bohemia.  Garnets  are 
found  alfo  in  Hungary,  at  Pyrna  in  Silefia,  at  S.  Sapho  in  the  canton  of  Berne, 
in  Spain,  and  in  Norway. 

The  garnet  melts  in  the  focus  of  a good  burning  glafs  into  a brown  mafs, 
which  is  attracted  by  the  loadftone,  and  this  (hews  that  iron  enters  confiderably 
into  its  compofition. 

Some  garnets  are  found  which  contain  a little  gold.  Thofe  called  zingraupen 
by  the  Germans  contain  tin. 

Magellan  thinks  it  probable,  that  the  lapis  alabandicus  of  Pliny  (lib.  36. 
c.  8.)  which  was  black,  and  that  other  which  he  mentions  of  a deep  purple  (lib.  37. 
•c.  7.)  among  the  gems,  were  both  true  garnets. 

XI.  The  Tourmalin.  Afhdrawer.  Tourmalinus,  lapis  eledricus.  Trip 
in  Germ. 

This  is  a kind  of  hard  (lone,  lately  brought  into  notice  by  its  electrical  pro- 
perties. 

This  ftone  has  been  known  in  Europe  fince  the  year  1717  only,  in  which 
year  Lemery  firft  (hewed  it  in  the  Royal  Academy  of  Sciences  at  Paris.  Since 
that  time  it  has  been  made  more  known  : and  the  Dutch  have  fpread  it  every 
where.  Molt  of  them  are  flat  on  one  fide,  and  convex  and  polifhed  on  the 
other.  There  are,  however,  likewife  fome  rough  ones  like  pebbles.  Molt  of 
them  are  tranfparent : and  the  Prince  de  Noja,  in  his  letter  to  Count  Buffon, 
affirms,  that  he  likewife  had  an  opake  one.  Brunnich  informs  us,  that  the  largeft 
he  ever  faw  is  in  the  cabinet  of  Mr.  Steiglitz  at  Leipzig  : its  fize  is  nearly  a fquare 
inch,  and  its  thicknefs  two  lines.  Befides  this  fize  it  has  a very  remarkable  qua- 
lity. When  you  look  through  the  two  largeft  furfaces,  which  are  but  two  lines 
afunder,  it  appears  wholly  opake;  but  covering  thefe,  and  looking  through  the 
fmall  furfaces  which  are  near  twelve  lines  afunder,  it  is  quite  pellucid,  which  is 
fuppofed  to  arife  from  the  peculiar  texture  of  the  ftone,  but  may  be  owing  to  a 
want  of  polifli  or  opacity  at  the  larger  furfaces.  It  is  flat  on  one  fide  only.  We 
know  nothing  of  the  fpot  where  the  tourmalin  is  generated.  ^Epin  and  Berg- 
man have  written  'the  lateft  differtations  upon  ir,  and  mentioned  all  its  eledric 
qualities.  Dr.  Pallas  Chewed  Brunnich  a tourmalin,  which  was  perfedly  like  the 
others  in  colour,  hardnefs  and  tranfparency,  but  would  not  draw  afhes.  Wilfon 
affirms,  that  when  a tourmalin  is  made  red  hot,  and  kept  in  a violent  fire  for  half 
an  hour,  it  does  not  lofe  its  colour;  but  if  it  be  cooled  of  a fudden  in  water,  it 
lofes  its  eledric  quality  for  ever. 

The  form  of  the  tourmalin  is  a-prifm  of  nine  fides  of  different  breadth, 
moftly  truncated,  and  feldom  terminating  in  a pyramid  at  each  end,  which  is 
either  compofed  of  three  pentagons,  or  of  nine  triangles. 

When  heated  in  the  fire,  it  gives  figns  of  contrary  eledricity  on  the  two  op- 
pofite  ends  of  its  prifmatic  form.  See  Prieftley’s  Eledricity. 

Profeffor  Bergman  found  feveral  opake  fchoerls  of  Sweden  to  poffefs  the 
fame  eledric  qualities  of  the  tourmalin,  but  could  not  find  any  pellucid  ones 
with  the  fame  property. 

Many  of  thefe  (tones  are  not  in  the  lead  eledric.  However,  on  being  rubbed, 
they  become  eledric  in  their  tides,  like  other  diaphanous  gems. 
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They  are  almoft  as  hard  as  the  topaz,  and  {trike  fire  with  fteel. 

They  melt  by  themfelves  in  a ftrong  fire,  though  with  difficulty. 

With  the  microcofmic  fait  they  melt  perfectly  ; but  only  in  part  with  borax. 

With  mineral  alkali,  they  are  divided  into  a kind  of  powder. 

The  three  mineral  acids  diffolve  them,  when  firlt  reduced  to  a powder. 

They  bear  a greater  fimilarity  to  fchoerls  than  to  any  ocher  {tone  : but  their 
component  parts  {hew  that  they  may  be  ranged  with  propriety  in  this  place,  along 
with  other  precious  {tones : as  the  argillaceous  earth  is  alfo  the  molt  prevalent  in 
their  compofition. 

The  oriental  tourmalins  are  found  in  the  illand  of  Ceylon.  They  are  tranf- 
parent,  of  a dark  brown- yellow  : and  their  fpecific  gravity  is  from  3,062  to 
3>295* 

Thofe  from  Brazil  are  tranfparent,  and  for  the  molt  part  green  ; but  there  are 
alfo  fome  red,  blue  and  yellow;  their  fpecific  gravity  is  from  3,075  to  3,180. 

Thofe  from  Tyrol  are  of  fo  dark  a green  as  to  appear  opake.  Their  fpecific 
gravity  is  about  3,050.  Thefe  are  found  in  beds  of  fteatites  and  lapis  ollaris 
among  the  micaceous  veins,  talcs,  and  hornblende  of  Schneeberg,  Jurzagl, 
and  Zillerthal,  in  the  mountains  of  Tyrol. 

Thofe  from  the  mountains  of  Old  Caftile  in  Spain  are  tranfparent,  and  have 
the  fame  properties  as  the  preceding. 

XII.  The  Opal.  See  Opal. 

XIII.  Rock  Crystal.  See  Crystal  Rock,  alfo  Quartz. 

XIV.  The  Cat’s  Eye.  See  the  article. 

XV.  The  Hydrophanes,  or  Oculus  Mundi.  See  Hydrophanes. 

XVI.  The  Chalcedony.  See  the  article. 

XVII.  The  Moon  Stone.  Ditto. 

XVIII.  The  Onyx.  Ditto. 

XIX.  The  Car  NELION.  Ditto. 

XX.  The  Sardonyx.  This  is  a mixture  of  the  chalcedony  and  carnelion, 
fometimes  ftratum-wife,  and  fometimes  confufedly  blended,  or  mixed  together. 

Of  this  ftone  there  are  two  kinds . 1.  That  which  is  ftriped  with  white  and 
red  ftrata:  this  ferves  as  well  to  cut  in  cameo,  as  the  onyx.  2.  The  white  with 
red  dendritical  figures.  This  very  much  refembles  that  agate  which  is  called 
the  mocha-ftone,  but  with  this  difference,  that  the  figures  are  of  a red  colour  in 
this,  inftead  of  black,  as  in  the  mocha-ftone. 

According  to  Cronftedt,  there  is  no  real  difference  between  the  onyx,  carne- 
lion,  chalcedony,  fardonyx  and  agate,  except  in  fome  inexplicable  degree  of 
hardnefs. 

XXI.  The  Agate.  This  name  is  given  to  flints  which  are  variegated  with 
different  colours,  promifcuoufly  blended  together;  and  they  are  efteemed  in 
proportion  to  their  mixture  of  colours,  their  beauty  and  elegance.  Hence  alfo 
they  have  obtained  a variety  of  names,  mod  of  which  are  from  the  Greek. 

Near  the  bridge  over  the  Mulda,  not  far  from  Freyberg  in  Saxony,,  a red  and 
white  agate  breaks  in  veins.  This  is  called  coral-ftone  in  Italy.  The  agate  of 
Rochlitz  in  Saxony  is  the  moft  celebrated,  and  is  found  in  globules  which  have  a 
kind  of  cruft  about  them. 

As  it  ever  was,  and  muft  be  very  difficult  to  give  intelligible  defcriptions  of 
colours,  we  are  for  that  reafon  quite  at  a lofs  to  underftand  the  meaning  of  the 
ancients  in  this  refpeift;  but,  indeed,  it  is  of  little  confequence,  as  we  feem  to 
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have  the  fame  right,  under  the  fame  circumftances,  of  inventing  new  names  for 
them  ; and  that  in  whatever  languages  we  pleafe.  The  following  is  a defcrip- 
tion  of  fome  few  varieties  of  thofe  which  at  prefent  are  the  moft  common. 

1 . Brown  opake  agate,  with  black  veins,  and  dendritical  figures,  which  is  the 
Egyptian  pebble. 

2.  Of  a chalcedony  colour,  Achates  calcedonifans. 

3.  Semi-tranfparent,  with  lines  of  a blackifh- brown  colour,  and  dendritical 
figures,  which  is  the  mocha-ftone. 

This  is  much  efteemed,  and  makes  a valuable  part  of  fome  collections,  where 
it  has  a place  chiefly  for  the  fake  of  its  figures,  refembling  vegetables,  animals, 
&c.  which  however  are  often  improved  by  art. 

4.  Semi-tranfparent  with  red  dots.  Gemma  divi  Stephani.  When  the  points 
are  very  minute,  fo  as  to  give  the  (tone  a red  appearance,  it  is  by  fome  called 
Sardea. 

5.  Semi-tranfparent,  with  clouds  of  an  orange  colour. 

6.  Deep-red,  Or  violet,  and  femi-tranfparent. 

7.  Of  many  colours,  and  variegated. 

8.  Black. 

There  are  in  Europe  great  quantities  of  moft  varieties  of  agates,  particularly 
at  Oberftein  in  the  Palatinate,  where  they  are  cut  and  polifhed  : but  they  are 
likewife  found  in  every  part  of  the  world.  According  to  Cronftedt,  there  is  not 
as  yet  more  than  one  fpecies  of  agate  found  in  Sweden,  namely,  at  Gafebeck  in 
the  province  of  Skone,  which  is  of  a white  and  deep  red  colour. 

XXII.  The  Labrador  Stone.  See  the  article. 

PRECIPITATE,  and  PRECIPITATION.  When  a body  diffolved  in  a 
fluid  is  either  in  whole  or  in  part  made  to  feparate  and  fall  down  in  the  concrete 
flate,  this  falling  down  is  called  precipitation,  and  the  matter  thus  feparated 
is  called  a precipitate.  The  form  of  precipitates  is  ufually  pulverulent.  We 
fee  from  this  explanation,  that  the  terms  precipitate  and  precipitation  relate 
merely  to  the  manner  in  which  any  produCt  is  obtained,  and  not  at  all  to  its 
component  parts  or  properties.  But  as  the  effeCts  denoted  by  thefe  expreflions 
continually  occur  in  chemical  operations,  the  words  are  much  and  ufefully 
applied. 

The  moft  ufual  effeCt  of  precipitation  is  feen  when  a compound  fubftance- 
being  fufpended  in  a folvent,  another  fubftance  is  added  which  unites  with  one 
of  the  principles  of  the  compound,  and  feparates  the  other:  and  this  being  in- 
foluble  in  the  fluid,  falls  down.  See  Attraction.  As  precipitations  require  the 
prefence  of  a fluid,  and  as  moft  fubftances  may  be  rendered  fluid  by  fire,  it 
naturally  follows,  that  two  kinds  might  be  diftinguifhed,  namely,  in  the  dry  and 
in  the  humid  ways.  Of  precipitations  in  the  dry  way  fome  inftances  may  be  feen> 
in  the  Schemes  of  EleCtric  Attraction  of  Bergman,  p.  T07,  and  under  the  article 
Blow- pipe.  But  the  terms  are  feldom  applied  to  dry  operations;  and  all  the 
products  properly  called  precipitates  are  produced  in  humid  procefles. 

Since  the  infolubility  of  the  matter  which  falls  down  is  a.  condition,  with- 
out which  precipitation  does  not  enfue,  and  is  the  only  condition  required: 
to  effeCt  it,  we  might  call  the  feparation  of  falts  and  other  bodies  from  them 
folvents  by  evaporation,  by  this  name.  But  this  is  not  ufual,  as  the  word 
implies  a fpeedy  feparation.  Chemifts  are  accordingly  habituated  fo  to  apply- 
it..  When  a precipitation  takes  place  flowly,  they  frequently  ufe  the  word  de- 
molition,. 
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pofition.  Thus  the  matter  which  falls  quickly  is  faid  to  be  precipitated  ; but 
they  fay  a depofition  takes  place  when  the  change  is  not  effefted  but  during 
many  hours  or  days. 

The  cafes  of  fimple  and  compound  precipitations  are  very  perfpicuoufly 
treated  of  by  Bergman,  in  his  Eifay  on  Metallic  Precipitates,  from  the  latter 
part  of  v/hich  work  I (hall  extradl  the  fubftance,  only  altering  fo  much  of  the 
language  as  renders  the  explanations  more  peculiarly  adapted  to  the  theory  of 
phlogifton  than  to  the  pneumatic  theory,  and  rendering  it  fuitable  to  either  by 
ufing  general  terms  expreffing  the  fimple  matter  of  faft. 

There  are  different  methods  by  which  diffolved  metals  may  be  feparated  from 
their  folvents ; and  the  appearance  and  nature  of  thofe  precipitates  are  occafion- 
ally  varied  in  a very  fingular  manner.  Some  of  the  moft  remarkable  are  thus 
enumerated  by  Bergman : 

All  metals  may  be  precipitated  by  alkaline  falts,  which  by  their  fuperior 
power  of  attraflion  feparate  them  from  their  folvents;  but  the  differences  of  thefe 
alkalis,  with  refpeft  to  their  nature  and  preparation,  produce  different  characters 
in  the  precipitates. 

With  the  cauftic  fixed  alkali  the  calces  fall  almofl  entirely  pure,  but  loaded 
with  water,  and  the  matter  of  heat,  which  according  to  Bergman  is  expelled  from 
the  alkalis  by  the  acid.  The  weight  is  found  to  be  increafed  by  the  water,  and 
perhaps  by  the  matter  of  heat;  but  yet  lefs  than  by  the  aerial  acid,  or  fixed 
air,  when  prefent. 

With  the  aerated  or  mild  fixed  alkali,  by  means  of  a double  decompofition,, 
the  aerial  acid  unites  to  moft  calces.  The  vegetable  alkali,  completely  aerated, 
precipitates  a white  calx  from  falited  mercury  ; but  the  mineral  alkali  does  not 
poflefs  that  property,  becaufe  it  cannot  hold  a fufficient  quantity  of  aerial  acid  or 
fixed  air  for  that  purpofe. 

The  volatile  alkali,  which  naturally  contains  inflammable  air  (See  Alkali 
Volatile),  fometimes  partially  reduces  the  precipitates:  it  throws  down  a black 
or  white  precipitate  of  mercury ; nay,  makes  the  orange-coloured  calx  white* 
Gold  receives  from  this  precipitant  its  fulminating  quality.  See  Gold. 

The  alkali,  which  is  commonly  called  phlogifticated,  generally  precipitates 
metals  with  an  increafe  of  weight,  as  Macquer  firft  proved. 

The  acids  frequently  occafion  precipitates,  from  various  caufes. 

By  ftronger  eleflive  attraction,  filver,  mercury,  and  lead  are  taken  from  the 
nitrous  acid,  by  the  addition  of  the  marine  or  vitriolic.  Thefe  acids  form  with, 
the  metals  new  compounds,  which  are  difficult  of  folution  in  water;  they  are  there- 
fore precipitated  in  greater  or  lefier  quantity,  according  to  circumftances. 

The  nitrous  acid  decompofes  the  marine  folutions  of  tin  and  antimony  by  cal- 
cining them  beyond  that  point  in  which  they  are  foluble  by  acids. 

Alkalis  1a tu rated  by  acids,  which  are  called  neutral  falts,  fometimes  difturb- 
metallic  folutions  ; either 

By  means  of  a double  eleflive  attraflion  : all  thofe  which  contain  vitriolic  or 
marine  acid  decompofe  folutions  of  filver,  mercury,  or  lead,  in  nitrous  acid,  and; 
precipitate  the  metals;  or 

By  forming  a triple  combination  : thus  the.vegetable,  as  well  as  volatile  a 
though  faturated  with  vitriolic,  nitrous,  or  marine  acid,  precipitates  platina  h 
aqua  regia.  If  the  mineral  alkali  forms  the  bafe,  the  neutral  fait  has  no  pov\ 
of  this  fort. 

Some  metallic  falls  can  decompofe  others,  and  precipitate  their  bafes..  This 
i m a. 
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may  happen  when  the  acid  is  different  in  the  two  falts,  or,  what  is  more  Angular, 
even  though  it  be  the  fame. 

Solution  of  gold  gives  us  an  example  of  each  of  thefe  two  cafes.  This,  as  is 
well  known,  is  precipitated  by  martial  vitriol,  the  reafon  of  which  was  firft  ex- 
plained by  Bergman.  Upon  examining  the  precipitate  carefully  it  will  be  eafily 
underftood  : for  this,  when  walhed  and  dried,  not  only  (hews  many  refplendent 
gold-coloured  particles,  but  alfo  unites  with  mercury  by  trituration,  diffolves  in 
aqua  regia,  but  not  in  marine  acid  alone,  together  with  other  circumftances  which 
evince  a complete  reduction  of  the  gold.  Cryftallifed  martial  vitriol  contains 
iron  not  much  calcined,  fo  that  the  calx  of  the  gold  may  very  eafily  be  re- 
duced on  the  fame  principles,  as  if  metallic  iron  were  prefent.  That  this  is  the 
true  foundation  of  the  procefs,  appears  alfo  from  this,  that  the  weight  of  the  dif- 
folved  gold  is  precifely  recovered  : it  is  alfo  proved  from  this  circumftance,  that 
pale  vitriol  containing  iron  more  perfectly  calcined,  will  not  precipitate  gold.  It 
may  reafonably  be  enquired  why  the  furrounding  aqua  regia  leaves  fuch  a preci- 
pitate untouched.  The  reafon  is,  that  the  menftruum  is  diluted  and  weakened 
by  the  quantity  of  water  ; for  upon  boiling  it  gently,  fo  as  to  expel  the  water,  the 
menftruum  recovers  its  folvent  power,  and  takes  up  the  precipitate.  Bergman 
in  the  next  place  enquires  into  the  origin  of  the  purple  precipitate. 

That  a folution  of  gold  in  aqua  regia  fhould  be  precipitated  by  a folution  of 
tin  in  the  fame  menftruum,  is  of  more  difficult  explanation  : — in  this  cafe  it  is 
the  fame  menftruum  that  holds  the  two  metals  diffolved  ; what  then  is  the  caufe 
of  the  change  ? At  firft  Bergman  imagined  that  the  tin  had  attracted  a fuperabun- 
dance  of  the  acid,  and  taken  it  from  the  gold,  which  being  therefore  deftitute  of 
the  proper  quantity  muft  neceffarily  fall  to  the  bottom  : but  upon  employing  a 
folution  containing  fuperabundant  aqua  regia  the  fame  precipitate  was  occafioned. 
The  caufe  was  not  therefore  to  be  fought  in  the  menftruum : he  therefore  exa- 
mined the  precipitate  itfelf.  Its  external  appearance  fhews  nothing  like  the 
metallic  fplendor,  but  altogether  refembles  a calx  : it  is  eafily  found  by  its  weight, 
that  it  cannot  confift  entirely  of  gold  ; and  in  fad  chemical  examination  difcovers 
a confiderable  quantity  of  tin.  It  cannot  be  diffolved  by  the  marine  acid  alone, 
but,  upon  the  addition  of  a little  nitrous  acid,  is  eafily  taken  up  : triturated  with 
mercury,  it  fcarcely  unites  with  it.  Thefe  properties  leem  to  indicate  that  the 
gold  is  fo  far  reduced,  as  to  refill  the  marine  acid,  unlefs  aided  by  the  nitrous ; 
but  its  earthy  appearance,  and  its  habits  with  refped  to  mercury,  evince  that  it  is 
not  in  its  complete  metallic  form.  Bergman  therefore  offers,  the  following  con- 
jectural explanation.  The  folution  of  tin  neceffary  for  this  operation  muft  con- 
tain the  metal  as  ilightly  calcined  as  poffible,  confiftent  with  folubility.  This  is 
dropped  into  a folution  of  gold  very  much  diluted,  by  which  means  the  tin  is 
more  readily  aifpofed  to  become  calcined  in  a greater  degree  by  the  aftion  of 
the  calx  of  gold,  which  at  the  fame  time  approaches  nearer  the  metallic  ftate. 
Neither  metal  can  then  be  retained  by  the  acid,  for  the  one  is  too  much  calcined, 
and  the  other  too  far  reduced  : they  muft  both  therefore  of  confequence  fall  to 
the  bottom,  mixed  intimately  together.  It  is  probable  that,  in  this  cafe,  it  is  the 
calx  of  tin  which  prevents  the  union  with  mercury. 

Befides,  the  metals  precipitate  one  another  after  a certain  order.  This  order 
is  found  to  be  the  fame  in  all  acid  menftrua,  as  we  have  frequently  had  occafion 
to  mention. 

But  many  irregular  circumftances  occur  in  this  matter,  depending  no  doubt 
upon  accidental  circumftances.  The  order  is  indeed  conftant,  and  never  in- 
verted ; 
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verted  ; zinc  prevails  over  iron  ; iron  over  lead  ; lead  over  tin  ■,  tin  over  copper ; 
copper  over  lilver  ; filver  over  mercury,  &c.  : yet  it  fometimes  happens  that  a 
metal,  which,  according  to  the  general  rule,  precipitates  another,  in  its  metallic 
flate,  from  one  folvent,  precipitates  it  from  another  in  the  form  of  a calx  •,  and 
from  a third  not  at  all.  Some  examples  will  illuftrate  this  : — zinc  precipitates  iron 
from  marine  acid  in  its  metallic  Hate,  but  from  the  nitrous  only  in  the  form  of  a 
calx.  Perhaps  the  calcination  which  enfues  in  the  zinc  may  not  be  fufficient  to 
reduce  the  iron,  which  in  the  latter  cafe  has  been  much  more  calcined  ; or  per- 
haps, though lefs  probably,  the  iron,  though  feparated  in  the  metallic  form,  may  have 
been  afterwards  calcined  by  the  nitrous  acid.  Tin  precipitated  from  marine  acid 
by  lead  appears  in  the  metallic  form  ; but  is  not  thrown  down  from  nitrous  acid  ; 
and  from  vinegar  is  precipitated  in  form  of  a calx,  even  by  iron  and  zinc  : lead 
lets  fall  nothing  from  vinegar  upon  the  addition  of  iron.  Thefe  and  other  ano- 
malies are  exprefsly  examined  in  Bergman’s  Treatife  on  Eledric  Attractions, 
but  in  this  place  he  only  remarks  that  a fmall  excefs  of  acid  is  neceffary ; and 
that  without  it  no  precipitation  begins  * : but  a great  fuperabundance  prevents 
that  operation,  by  again  diffolving  the  precipitate ; befides,  the  weights  of  the 
precipitates  and  the  diffolved  precipitants  do  not  correfpond . 

The  colours  of  the  metallic  precipitates  are  of  confiderable  utility  to  be  known 
and  attended  to.  Bergman  employed  the  mineral  alkali,  becaufe  the  degree  of 
faturation  of  it  with  aerial  acid  is  more  conflant.  When  he  had  occafion  for  a 
cauflic  alkali,  he  prepared  it  by  a fmall  quantity  of  burned  lime,  in  a clofe  bottle 
the  goodnefsof  it  was  proved  by  its  occafioning  no  precipitation  in  lime  $ater. 
For  the  preparation  of  Prulfian  alkali,  fee  that  article. 

Gold  diffolved  in  aqua  regia  is  precipitated  by  cauflic  mineral  alkali,  almoft 
black  ; by  the  aerated  yellow  ; as  alfoby  the  Pruffian,  unlefs  fome  iron  be  prefent, 
which  frequently  happens.  As  the  whole  of  the  gold  is  fcarcely  ever  precipitated, 
Bergman  does  not  pretend  to  afcertain  the  weights. 

Neither  the  cauflic  nor  aerated  mineral  alkali  precipitates  one  half  ofplatina,  dif- 
folved in  aqua  regia;  the  precipitate  is  of  an  orange  colour,  which  on  drying 
changes  to  a brown.  An  over  proportion  of  alkali  re*diffolves  the  precipitate 
with  a more  obfcure  tinge ; indeed  the  precipitation  is  fo  imperfed  that  alkali 
faturated  with  acid  feems  to  diffolve  it.  The  Pruffian  alkali  does  not  precipitate 
the  depurated  folution,  nor  even  make  it  turbid  ; but  heightens  the  colour  in  the 
fame  manner  as  the  excefs  of  alkali  does. 

Silver  diffolved  in  nitrous  acid  is  precipitated  white  by  aerated  mineral  alkali; 
by  the  cauflic,  brown  ; and  by  the  Pruffian  alkali,  of  an  obfcure  yellow  ; by 
the  vitriolic  as  well  as  the  marine  acid,  white  ; but  the  former  precipitate  confifls 
of  more  diflind  particles,  which  grow  black  more  llightly  in  the  light  of  the 
fun. 

Salited  mercury  is  precipitated  red,  or  rather  ferruginous,  by  aerated  alkali; 
by  the  cauflic,  more  yellowifh,  or  orange.  Nitrated  mercury,  prepared  without 
heat,  yields  a ferruginous  precipitate  with  mineral  alkali ; a black  with  cauflic  : 
when  prepared  with  heat,  it  yields  to  cauflic  alkali  an  orange,  or  reddifh  yellow 
precipitate:  by  Pruffian  alkali  it  is  precipitated  from  all  acids  white ; which, 
when  dried,  becomes  of  a brownifh  yellow.  Salited  mercury  is  very  fparingly 
precipitated  by  this  alkali.  The  precipitate  occafioned  by  Pruffian  alkali  is  again, 
diffolved,  if  too  much  alkali  be  ufed. 


This  was  firft  obfeived  by  the  celebrated  Gahn. 
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It  lias  been  fhewn  already,  that  a white  precipitate  may  be  obtained  by  aerated 
vegetable  alkali,  and  the  caufe  of  this  has  been  explained. 

Corrofive  fublimate  muft  be  very  cautioufly  precipitated  by  cauftic,  as  well  as 
aerated  fixed  alkali ; for  the  part  Separated  may  again  be  diflolved  by  a large 
•quantity  of  water.  If  too  much  alkali  be  ufed,  a new  compound  arifes  of  a pe- 
culiar nature. 

Nitrated  lead  is  thrown  down  white  by  aerated,  cauftic,  or  Pruffian  alkali.  If 
too  much  alkali  be  ufed,  the  laft  precipitate  is  diflolved  with  a brownilh  yellow 
colour.  Vitriolated  and  falited  lead  is  precipitated  white. 

Nitrated  copper,  which  in  folution  is  blue,  is  precipitated  of  a bright  green  by 
aerated  fixed  alkali ; by  the  cauftic,  of  a grayifh  brown,  which  grows  redd i(h  by 
age.  By  Pruffian  alkali,  copper  is  precipitated  of  a gree.nifti  colour,  which  after- 
wards grows  of  a brownilh  red,  and  upon  exficcation  almoft  black.  The  aerial 
acid  readily  takes  up  a fmall  portion  of  copper  during  the  precipitation,  which  is 
again  depofited  by  the  heat  of  boiling. 

Iron  is  precipitated  green  by  the  aerated  fixed  alkali,  from  vitriolic  and  marine 
acid  ; this  precipitate  becomes  of  a brownilh  yellow,  efpecially  on  drying  ; with 
the  cauftic  alkali  it  approaches  more  to  black:  in  the  precipitation  fome  part  is 
held  in  folution  by  the  aerial  acid,  if  the  aerated  alkali  be  ufed  : the  Pruffian  alkali 
yields  a dark  blue  precipitate. 

Tin  is  precipitated  white  by  every  alkaline  fait,  even  by  the  Pruffian  alkali ; 
but  at  length  fome  blue  particles,  which  are  mixed,  appear,  fo  that  the  whole, 
when  colle&ed  and  dried,  is  of  a light  blue  colour.  That  thefe  blue  particles  de- 
pend upon  iron  is  eafily  feen  upon  calcination,  for  they  become  ferruginous  and 
obey  the  magnet.  . Bergman  always  found  an  admixture  of  iron  in  tin. 

Bifmuth  is  precipitated  white  by  water  and  alkalis,  particularly  the  former ; 
Pruffian  alkali  throws  down  a yellow  powder,  which  being  mixed  with  blue  par- 
ticles, occafioned  by  iron,  at  length  appears  green.  This  yellow  fediment  eafily 
difiblves  in  nitrous  acid. 

Nickel  is  precipitated  of  a whitifh  green  by  fixed  alkalis ; by  the  Pruffian  al- 
kali, of  a yellow  ; and  by  exficcation  it  is  condenfed  into  a dark  brown  mafs. 

Arfenic  diflolved  in  acids,  which  prevent  too  great  calcination,  may,  to  a cer- 
tain degree,  be  precipitated  white  by  the  fixed  alkali,  even  when  phlogifticated, 
but  the  fediment  is  found  foluble  in  water;  yet  nitrous  acid,  either  alone  or 
joined  with  the  marine,  generally  calcines  the  arfenical  acid,  to  ftrch  a degree  that 
it  becomes  unfit  for  feparation.  Arfenic,  diflolved  in  marine  acid,  with  the  ad- 
dition of  a little  nitrous  acid  depofited  a white  fediment ; upon  the  addition  of  a 
large  quantity  of  Pruffian  alkali,  the  fediment  was  mixed  with  Pruffian  blue; 
this  was  diflolved  in  water,  and  freed  by  frequent  filtration  from  the  blue  particles, 
and  at  length,  on  evaporating  to  drynefs,  yielded  a femi-pellucid  mafs. 

Cobalt  diflolved  in  acids  is  thrown  down  by  fixed  alkali,  whether  aerated  or 
cauftic,  of  a reddifh  blue,  which  colour  on  drying  grows  darker,  efpecially  when 
the  former  alkali  has  been  ufed.  Pruffian  alkali  throws  down  a powder  of  almoft 
the  fame  colour,  which  upon  drying  becomes  of  a reddifh-brown. 

Zinc  is  precipitated  white  by  aerated  and  cauftic  fixed  alkali,  as  alfo  by  the 
Pruffian  alkali ; 'but  this  laft,  on  drying,  becomes  of  a citron  colour.  A fmall 
portion  of  aerial  acid  may  eafily  efcape  during  the  precipitation. 

Antimony  is  precipitated  white  by  alkalis.  When  the  Pruffian  alkali  is  ufed, 
there  are  almoft  always  fome  blue  particles  precipitated,  though  the  regulus  had 

been 
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been  prepared  without  any  iron.  The  operation  muft  be  cautioufly  conduced, 
otherwife  fome  part  may  be  taken  up  by  the  alkaline  fait. 

Manganefe,  which  is  procured  by  reduction  from  common  magnefia  nigra,  ge- 
nerally renders  folvents  brown,  and  with  aerated  alkali  yields  a yellowifh- brown 
fediment ; with  the  cauftic,  one  ftill  darker  ; with  the  Pruffian  a powder  is  fepa- 
rated,  at  firft  blue,  then  a white,  the  mixture  of  which  renders  the  mafs  a dark- 
ith,  of  rather  a black-green.  In  order  that  the  calx  of  the  manganefe  may  be 
obtained  pure  and  white,  the  precipitate  afforded  by  cauftic  alkali  muft  be  dif- 
folved  in  pure  vinegar ; for  there  ftill  remains  a quantity  of  undiffolved  iron,  which 
would  be  taken  up  by  the  aerial  acid  if  prefent.  This  acetous  folution  contains 
fcarcely  any  iron.  That  metal  may  alfo  at  firft  be  feparated  by  a fmall  quantity  of 
volatile  alkali. 

The  common  folution  of  the  regulus  is  not  perfectly  precipitated  by  aerated 
alkali : and  if  the  remaining  fluid  be  left  to  evaporate  fpontaneoufly  to  drynefs, 
grains  of  a metallic  fplendor  are  depofited  on  the  glafs,  which  are  not  unlike 
copper.  Thefe  are  readily,  though  but  partially,  dilfolved  in  nitrous  acid  ; but 
upon  the  addition  of  zinc,  nothing  falls  but  the  manganefe,  though  at  firft  it  is 
a little  reddifh.  With  Pruffian  alkali,  a yellow  precipitate,  refembling  pure  man- 
ganefe, falls,  provided  the  folution  has  firft  depofited  the  iron  by  (landing  ; but 
the  recent  folution  yields  a precipitate  nearly  the  fame  as  is  obtained  from  the 
common  regulus.  The  yellow  fediment  is  foluble  in  water. 

A confiderable  difficulty  always  attends  the  defcription  of  colours,  becaufe  the 
feveral  varieties,  which  are  almoft  innumerable,  have  no  particular  names.  Co- 
lours are  indeed  fubjedt  to  changes,  but  the  fmalleft  never  occurs  without  fome  de- 
terminate caufe  ; they  fhould  therefore  be  carefully  obferved,  for  we  may  always 
learn  fomething,  provided  we  confider  every  thing  with  due  attention. 

A due  confideration  of  the  metallic  precipitates  will  explain  many  obfcurities 
in  the  fcience  of  chemiftry. 

The  firft  inquiry  of  Bergman  relates  to  their  weight.  Pie  examined  only 
thofe  precipitates  which  are  occafioned  by  aerated  mineral  alkali,  cauftic  alkali, 
and  Pruffian  alkali.  The  refults  of  many  experiments  were  rejected,  as  too 
vague  and  indeterminate ; but  he  exprefles  his  hope  that  the  reft  were  better 
founded.  Plowever,  upon  refledting  how  difficult  it  is  to  depurate  and  wafh 
completely  the  metallic  fediment,  fo  that  neither  the  alkali,  the  aerial  acid,  the 
water,  nor  any  other  extraneous  matter  fhall  adhere,  he  confiders  them  only  as 
colledtions  of  the  firft  terms  of  infinite  feries,  which  converge  very  quickly.  In 
order  to  obtain  the  neareft  poflible  approximation,  he  frequently  repeated  the  ex- 
periments in  the  moft  accurate  manner.  In  the  following  table  100  parts  of  the 
metallic  regulus  are  always  fuppofed  to  be  dilfolved. 


100  parts  of  Gold  precipitated  by 


Platina, 


Silver, 


4X 


T)ry  Precip. 

aerated  mineral  alkali 

yielded 

106 

cauftic  — 



1 10 

Pruffian  — 



martial  vitriol  — 

— 

IOO 

aerated  mineral  alkali 

— 

34 

cauftic  — - 

— 

3 6 

Pruffian  — 

— 

aerated  mineral  alkali 

— 

129 

cauftic  — 

— 

1 12 

too 

parts 

P R E 


( 7o6  ) 


P R E 


100  parts  of  Silver,  precipitated  by  Pruffian  alkali  — 

. falited  — — 

vitriolated  — 

~ Mercury, aerated  mineral  alkali 

cauftic  — — 

Pruffian  — 

vitriolated  < — 

Lead, — aerated  mineral  alkali 

cauftic  — 

— Pruffian  — 

....  . vitriolated  — 

Copper, aerated  mineral  alkali 

— Pruffian  mineral  alkali 

■  Iron,  aerated  mineral  alkali 

— Pruffian  — 

•  Tin, aerated  mineral  alkali 

•  — cauftic  — — 

Bifmuth,  aerated  mineral  alkali 

Pruffian  — 

—  pure  water  — 

Nickel,  aerated  mineral  alkali 

— Pruffian  — — 

Arffenic,  — — aerated  mineral  alkali 

—  Pruffian  — 

Cobalt,  — * — aerated  mineral  alkali 

Pruffian  • — 

— Zinc,  — aerated  mineral  alkali 

. — cauftic  — — 

■  ■ — Pruffian  — 

Antimony, aerated  mineral  alkali 

■  cauftic  ■ — - — 

Pruffian  — 

— Manganefe,  aerated  mineral  alkali 

■  cauftic  — - — 

• — — ■ — Pruffian  — — 


Dry  Precip. 

— 145 

— 133 

~ 134 

— 1 IO 

— 104 

— 1 19 

— 132 

— 1 16 

— 143 

— 194 

— ■ 158 

~ 530 

~ 225 

— 170 

~ 59° 

~ 131 

" 130 

— 250 
130 

— 125 

— 180 

— 113 

— *35 

— 128 

— 250 


1 80 

160 
140 
142 
i93 

161 

495 

140 

138 

138 

180 

168 

150 


Upon  comparing  thefe  weights,  a queftion  at  firft  occurs  concerning  the  caufe 
of  fuch  enormous  differences ; and  it  is  plain  that  this  caufe  muft  be  fought  for  in 
the  precipitates  themfelves.  The  fixed  alkali,  faturated  with  aerial  acid,  when 
added  to  the  folution,  is  taken  up  by  the  more  powerful  menftruum,  and  the 
weaker  is  of  courfe  expelled,  and  is  abforbed  by  the  calx,  as  it  falls  in  greater 
or  leffer  quantity  according  to  circumftances.  That  this  is  actually  the  cafe  is 
5 eafily 
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eafily  demonftrated  : — let  a bottle,  containing  a fufficient  quantity  of  nitrous  acid, 
be  accurately  weighed  ; let  there  be  put  into  it  by  degrees,  e.  g.  132  parts  of  lead, 
precipitated  by  aerated  alkali,  and  not  only  an  effervefcence  will  be  obferved, 
which  continues  until  the  very  laft  particle  is  diffolved  ; but  when  the  folution  is 
finilhed  a deficiency  of  weight  is  difcovered,  which  amounts  nearly  to  21,  and 
which  is  indubitably  owing  to  the  extrication  of  aerial  acid.  But  132 — 2 1 = 1 1 1, 
a weight  which  ftill  confiderably  exceeds  that  of  the  metal.  Upon  diftillation 
nearly  8 of  water  are  difcovered  j there  yet  remain  therefore  3,  which  by  violent 
heat  are  increafed  by  7 ; for  132  of  the  calx,  well  calcined,  yield  no.  The 
whole  increment  of  weight  then  does  not  depend  upon  the  water  and  aerial 
acid.  The  fame  thing  is  evinced  from  the  confideration  of  the  precipitate  oflead 
by  the  cauftic  alkali,  as  it  is  evident  that  in  this  cafe  there  is  no  aerial  acid  ; be- 
fides,  no  effervefcence  accompanies  the  folution.  If  we  fuppofe  the  quantity  of 
water  equal  in  both  cafes,  yet,  even  on  this  fuppofition,  the  whole  excefs  is  not 
accounted  for,  for  1 16 —83: 108.  Bergman  thinks  it  probable  therefore,  that 
the  matter  of  heat  is  attached  to  the  calx,  and  reafons  as  follows  : This  matter  of 
heat  is  always  prefent  in  cauftic  alkali ; for  when  it  is  diffolved  in  the  fimple 
acids,  heat  is  always  generated.  And  again  : ift.  The  increment  of  weight  can 
fcarce  be  conceived,  without  fuppofing  an  increment  of  matter.  2d.  When  the 
cauftic  alkali  is  employed,  no  other  matter  can  be  fufpedted.  3d.  The  fame 
caufe  is  alfo  prefent  when  the  weight  is  increafed  by  dry  calcination.  4th.  Let 
the  heat  occafioned  by  the  mixture  of  determinate  portions  of  any  acid  and 
cauftic  alkali  be  marked  upon  a thermometer  : let  then  an  equal  quantity  of  the 
fame  menftruum  be  faturated  with  a metal ; afterwards,  upon  the  addition  of  an 
equal  quantity  of  cauftic  alkali,  it  will  be  found  either  that  no  heat  is  generated, 
or  a degree  very  much  lefs  than  before.  Some  of  the  matter  of  heat  therefore  is 
taken  up  and  fixed  *,  which  alfo  generally  makes  the  colours  of  the  precipitates 
more  obfcure,  and  in  diftillation  with  fal  ammoniac  communicates  to  the  vola- 
tile alkali  the  quantity  that  had  been  taken  away.  What  has  been  faid  of  lead  is 
alfo  true  of  the  other  metals,  a few  excepted,  which  feern  to  take  up  little  or  no 
aerial  acid  ; thefe  are  tin,  antimony,  gold,  and  platina. 

But  fome  precipitates  retain  alfo  a quantity  of  the  menftruum.  Thus,  cor- 
rofive  fublimate,  precipitated  by  aerated  alkali,  retains  a portion  of  marine  acid, 
which  cannot  be  walhed  off  by  water ; but  by  cauftic  alkali  the  precipitate  may 
be  obtained,  either  free  of  the  acid  altogether,  or  in  a great  meafure.  In  this  cafe, 
as  in  many  others,  the  aerial  acid  feems  to  generate  a triple  fait,  which  is  fcarcely 
foluble.  The  prefence  of  the  marine  acid  is  eafily  difcovered  by  nitrated  filver, 
if  the  precipitate  be  previoufly  diffolved  in  pure  nitrous  acid.  Hence  we  obferve 
another  difference  in  mercury  precipitated  from  marine  acid,  according  as  aerated 
or  cauftic  alkali  has  been  employed  : the  latter  precipitate,  well  waflied  and  put 
into  volatile  alkali,  is  fcarcely  changed  in  colour  ; but  the  former  inftantly  grows 
white,  generating  a fpecies  of  fal  alembroth,  but  containing  fo  little  marine  acid  as 
not  to  be  eafily  foluble  in  water. 

The  calces,  which  retain  any  of  their  former  menftruum,  generally  give  over  on 
diftillation  a fmall  portion  of  fublimate.  The  mercurial  calx,  juft  mentioned, 
expofed  to  a fufficient  degree  of  heat,  is  partly  reduced  to  crude  mercury,  partly 

* The  increafe  of  weight  acquired  by  metals  from  the  abforption  of  vital  air  in  calcination  was  lefs 
known  and  attended  to  at  the  time  the  great  Bergman  compofed  his  Treatife  on  Metallic  Precipitates 
than  fince  ; otherwife  this  faft  would  have  afforded  an  eafier  folution  of  the  prefent  difficulty,  th.in  the 
violent  fuppofition  of  material  and  ponderable  heat. 
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to  mercurius  dulcis,  by  means  of  its  remaining  marine  acid.  This  mercurius 
dulcis  did  not  exift  in  the  precipitate ; for  in  that  cafe  it  would  be  eafily  dif- 
covered  by  acids,  in  which  it  is  not  foluble,  and  would  grow  black  with  cauftic 
alkali;  neither  of  which  things  takes  place;  it  is  therefore  generated  during  the 
diftillation. 

The  Pruflian  alkali  has  the  fame  property  with  regard  to  falts  and  foluble  earths, 
as  acids,  in  the  ftate  called  phlogifticated,  poffefs.  Its  compounds  with  metak  are 
of  a faline  nature,  though  moftly  infoluble  in  water. 

The  excellent  treatife  of  Bergman  concludes  with  pointing  out  fome  of  the 
advantages  refulting  from  the  examination  of  metallic  precipitates. 

It  is  evident,  that  by  a more  intimate  acquaintance  with  thefe  precipitates,  the 
chemical  theory  of  the  operation  will  be  better  underftood. 

Hence  we  may  difeover  their  more  ufeful  and  remarkable  properties.  Every 
one  knows  that  aurum  fulminans,  the  mineral  purple,  and  other  encauftic 
pigments,  by  which  the  colours  of  gems  may  be  imitated,  have  been  derived 
from  this  fource. 

A foundation  is  by  this  means  eftablifhed  for  the  art  of  affaying  by  the  humid 
way,  from  the  bare  knowledge  of  the  weights.  It  may  be  objedted,  that  the  doc- 
trine of  the  weights  is  very  fallacious;  that  they  vary  in  the  different  precipi- 
tates ; that  by  imperfedt  precipitation  fomething  remains  in  the  liquor  ; and  that 
extraneous  matters  fometimes  are  mixed  with  them.  All  this  is  true ; yet  if  the 
mode  of  operation  be  always  the  fame,  the  refults  of  the  experiments  muft  be 
conftant.  Let  us  fuppofe  that  a quantity  of  metal,  precipitated  in  a certain 
manner,  makes  a weight ; if  that  fame  manner  be  exadtly  employed,  we  may 
fairly  conclude  that  a quantity  of  precipitate,  occurring  in  any  cafe,  is  corre- 
fpondentto  a quantity  of  perfedt  metal ; although  in  the  fundamental  experiment 
either  the  precipitation  is  incomplete,  or  fome  extraneous  matter  is  prefent.  If 
all  the  circumftances  which  occafion  increafe  or  deficiency  be  carefully  attended 
to,  the  conclufion  will  remain  unimpeached  : let  the  method  therefore  be  accu- 
rately determined,  and  there  will  be  no  danger  of  fallacy. 

Hence  the  nature  of  metals  is  illuftrated.  Platina,  nickel,  cobalt,  and  man- 
ganefe,  are  fufpedted  by  fome  perfons  to  derive  their  origin  from  a mixture  of 
other  metals.  But  if  iron  neceffarily  enters  into  the  compofition  of  platina,  when 
this  is  diffolved  in  aqua  regia  it  fhould  produce  a blue  upon  the  addition  of 
Pruflian  alkali ; and  this  is  the  cafe  in  fadt  when  common  platina  is  employed,  but 
not  when  it  is  rightly  depurated.  See  Platina. 

If  iron,  adhering  very  obftinately  to  nickel,  formed  a great  part  of  it,  the  pre- 
cipitates obtained  from  it  by  alkalis  could  not  differ  from  martial  precipitates  fo 
much  as  they  do,  in  colour,  weight,  and  other  properties. 

The  fame  is  true  of  cobalt  and  manganefe.  The  regulus  obtained  from  black 
manganefe  contains  about  0,08  of  iron  : let  us  fee  how  this  affedts  the  mixture. 

One  hundred  parts  diffolved  in  an  acid  menftruum  yield  to  phlogifticated  al- 
kali a powder,  confifting  partly  of  blue,  partly  of  brownifh-yellow  particles, 
which  is  equal  in  weight  to  1 501b. ; but  81b.  of  iron  yield  48  of  Pruflian 
blue,  nearly  -f  of  the  whole  mafs : hence  it  follows,  that  100  parts  of  pure  man- 
ganefe yield  to  phlogifticated  alkali  fcarcely  111,  i.  e.  nearly  fix  times  lefs  than 
an  equal  weight  of  iron. 

Laftly,  Bergman  remarks,  it  may  by  this  means  perhaps  be  poflible  to  deter- 
mine the  unequal  quantities  of  phlogifton  in  different  metals ; for  a given  weight 
of  precipitating  metal  does  not  yield  an  equal  quantity  of  precipitate : thus  for 
6 example. 
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example,  copper  is  able  to  precipitate  from  nitrous  acid  four  times  its  own 
weight  of  filver. 

This  objed  is  more  completely  developed  in  his  Treatife  on  the  Quantities  of 
Phlogifton  in  Metals,  of  which  we  have  no  Englilh  tranflation  *.  In  the  follow- 
ing account  I lhall  not  fo  far  depart  from  the  author  as  to  fubftitute  the  words 
balls  of  vital  air  inftead  of  phlogifton,  which  is  all  the  converlion  this  valuable 
mafs  of  fads  requires,  to  adapt  it  to  the  antiphlogiftian  theory.  In  its  prefent 
form,  indeed,  the  agency  of  vital  air  in  the  calcination  is  overlooked.  But  if 
the  great  author  had  lived  longer,  he  would  doubtlefs  have  added  a modification  of 
this  dodrine  to  the  other  improvements  which  the  fciences  have  unhappily  loft 
by  his  death. 

The  general  fads  relating  to  the  quantities  of  metals  precipitated  by  metals 
are  given  by  him  in  the  form  of  equations.  It  may  perhaps  be  more  con- 
venient to  readers  in  general  to  fee  them  in  words  at  length. 

There  are  fix  things  to  be  confidered  when  this  effed  is  intended  to  happen. 
1,  The  metal  already  in  folution.  2.  The  quantity  of  folvent  which  fuftains  it. 

3.  The  quantity  of  phlogifton  loft  (or  vital  air  acquired)  by  the  metal.  And 

4.  The  metal  prefented,  or  the  precipitant.  3.  The  quantity  of  folvent  required 
to  take  up  a portion  of  this  metal  equal  to  that  held  in  folution.  6.  The  phlo- 
gifton it  contains  (or  vital  air  it  would  acquire  by  folution).  Then, 

1.  If  the  weights  of  folvent  (2  and  5)  be  equal ; 

And  alfo  the  quantities  of  phlogifton  (3  and  6)  there  will  be  no  difficulty  in 
the  precipitation.  For  the  folvent  is  capable  of  diffolving  as  much  of  the  one 
metal  as  of  the  other,  and  the  precipitate  can  take  as  much  phlogifton  from  the 
precipitant  as  its  redudion  demands. 

Again  : if  the  quantity  of  phlogifton  in  the  precipitant  exceed  that  required 
for  the  redudion  of  the  precipitate,  there  will  be  no  obftacle  to  the  effed. 

But  if  the  phlogifton  of  the  precipitant  be  lefs  than  the  precipitate  requires,  a 
part  only  of  this  laft  will  fall  down ; unlefs  the  precipitation  be  aided  by  fome 
caufe  of  a different  nature  from  thofe  here  attended  to. 

2.  If  the  weight  of  folvent  required  to  fuftain  the  precipitant  be  lefs  than 
would  fuftain  an  equal  portion  of  the  metal  intended  to  be  thrown  down,  the 
effed  with  regard  to  phlogifton  will  be  the  fame  as  in  No.  1.  but  the  obftacles 
will  be  lefs. 

3.  If  the  weight  of  folvent,  required  as  in  the  laft  cafe,  be  greater  than 
would  fuftain  the  metal  intended  to  be  thrown  down,  the  whole  of  the  precipi- 
tant will  not  be  diffolved,  and  the  precipitate  will  not  be  entirely  feparated,  unlefs 
the  phlogifton  of  the  precipitant  fo  much  exceeds  that  required  by  the  preci- 
pitate, as  that  the  portion  of  the  precipitant  diffolved  may  fupply  the  whole  re- 
quifite  quantity  of  that  principle. 

This  excellent  chemift  then  proceeded  to  apply  thefe  general  principles  to  the 
teft  of  experiment.  Among  the  feveral  proceffes,  he  chofe  to  inftitute  two  fets. 
In  the  firft,  filver  was  taken  as  the  term  of  comparifon,  becaufeit  is  precipitated 
from  nitrous  acid  by  all  the  metals  but  gold  and  platina  : and  in  the  fecond  fet 
he  made  ufe  of  zinc,  which  is  a precipitant  to  them  all. 

One  hundred  docimaftic  pounds  of  filver  were  diffolved  in  nitrous  acid  with  as 
little  excefs  of  acid  as  poffible.  For  all  metallic  falts  redden  the  tin&ure  of 
turnfole,  and  cannot  be  deprived  of  this  fmall  excefs  without  decompofing  the 

* There  is  a French  Tranflation  in  the  Journal  de  Phyfique,  xxii.  109. 
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falts.  To  the  folution  was  added  twice  the  quantity  of  diddled  water,  and  then  mer- 
cury was  added  at  feveral  times.  Various  cryftallizationsof  the  arbor  Dianas  were 
afforded,  as  the  proportions  of  the  mercury  varied.  In  faff,  where  the  mercury 
was  moft  abundant  in  proportion  to  the  filver  to  be  precipitated,  the  vegetations 
were  more  flowly  produced  ; but  were  more  beautiful,  more  brilliant,  ftronger, 
and  fometimes  cryftallized  in  prifms.  The  mercury  when  thrown  into  the  fo- 
lution of  filver  hardens ; its  furface  becomes  irregular,  and  at  laft  it  puts  forth 
branches  which  increafe  by  flow  degrees.  Thefe  branches,  collected,  wafhed, 
and  dried,  weighed  455  pounds.  The  whole  of  the  mercury  added  was  490  lbs. 
Consequently  there  were  455 — 100=355  pounds  of  mercury  amalgamated  with 
the  filver,  and  490 — 355  = 135  pounds  of  mercury  diflolved  in  the  acid. 

Two  hundred  and  thirty-four  lbs.  of  lead  were  required  to  precipitate  one  hun- 
dred of  filver.  The  plate  of  lead  foon  becomes  black  on  immerfion,  and  is  quickly 
covered  with  Small  cryftalline  needles  of  filver.  The  laft  portions  are  thrown 
down  very  flowly,  if  recourfe  be  not  had  to  heat.  The  precipitate  being  colledled 
always  weighs  eight  or  ten  pounds  more  than  the  quintal,  evidently  from  fome  of 
the  lead  which  falls  in  the  calciform  ftate. 

A plate  of  very  clean  copper,  weighing  375  pounds,  was  very  quickly  covered 
with  a cryftalline  cruft  of  filver,  after  it  had  been  plunged  into  the  folution.  When 
all  the  filver  had  fallen  down,  the  plate  of  copper  well  wafhed  was  found  to  have 
l*ft  thirty-two  pounds.  The  precipitate  of  filver  proved  to  be  exa&ly  the  quintal. 

With  the  intention  of  afcertaining  the  different  force  of  Solvents,  Bergman 
added  copper  to  a vitriolic  folution  of  filver.  Thirty  pounds  were  Sufficient  to 
precipitate  the  quintal  of  filver.  Whence  he  remarks,  that  the  nitrous  acid  pof- 
fefles  a greater  avidity  for  phlogifton  than  the  vitriolic.  The  pneumatic  chemift 
would  fay,  that  the  one  acid  is  more  eafily  decompofed,  and  made  to  afford  vital 
air  to  the  calx,  than  the  other. 

Iron  exhibited  a very  peculiar  charade r.  In  general  no  precipitation  took 
place  by  adding  iron  to  the  nitrous  folution,  and  the  fads  are  highly  interefting 
and  remarkable.  But  as  Bergman  has  not  offered  any  explanation,  and  other  ex- 
periments appear  to  be  wanting,  I Shall  not  here  enter  into  any  detail  *. 

Silver  diffolved  in  the  vitriolic  acid  is  precipitated  very  fpeedily  and  well  by  iron. 
The  iron  plate  loft  thirty-nine  pounds  in  precipitating  one  hundred  pounds  of  filver. 

Thofe  metals  which  the  vitriolic  acid  diflolves  readily  are  more  eafily  preci- 
pitated than  from  a Similar  nitrous  folution.  This  fad  ought  to  be  kept  in  mind 
in  the  humid  method  of  analyfis. 

Tin  in  leaves  precipitates  filver  very  fpeedily  from  the  nitrous  acid.  It  has 
even  the  cryftalline  form  ; but  the  fluid  fpeedily  becomes  black,  and  frequently 
continues  fo  for  four-and-twenty  hours.  Eighty-eight  pounds  of  tin  precipitated 
the  quintal  of  Silver  at  a moderate  heat ; but  the  precipitate  well  wafhed  amounted 
to  two  hundred  and  fifteen  pounds.  This  increafe  of  weight  arofefrom  the  calx 
of  tin  which  fell  down  with  the  precipitate  of  Silver.  It  was  contaminated  by  a 
blackifh  matter,  probably  an  impurity. 

.Bifmuth  at  the  firft  inftant  precipitates  Silver  very  well ; but  towards  the  end 
it  is  very  difficult  to  afcertain  the  neceflary  quantity.  A folution  of  bifmuth 
perfedly  Saturated  cannot  fupport  either  heat  or  dilution  with  water,  without 
depofiting  a white  powder  which  mixes  with  the  precipitate,  and  cannot  be  fe- 

* Keir  in  the  Phil,  Tranf.  for  1780  has  thrown  fome  light  on  this  objeft,  and  promifes  to  confider 
it  farther. 

parated 


P R E 


P R E 


( 71 1 ) 

^arated  but  with  extreme  difficulty.  The  precipitate  of  filver  is  fo  fpungy  that 
it  abforbs  the  whole  of  the  fluid  ; fo  that  towards  the  end  there  is  not  enough 
to  diflolve  the  bifmuth,  and  no  diftinCt  obfervation  of  the  effeCt  can  be  made. 
When  this  difficulty  began  to  prefent  itfelf,  Bergman  endeavoured  to  exprefs 
the  fluid  from  the  fediment  between  two  plates  of  glafs.  Out  of  this  fluid  he 
precipitated  the  bifmuth  by  the  addition  of  water;  and  after  decantation,  the 
filver  was  feparated  by  marine  acid.  Hence,  from  the  weight  of  filver  in  the  faline 
ftate,  he  acquired  a knowledge  of  the  quantity  which  had  been  precipitated  by 
the  known  weight  of  bifmuth.  By  this  expedient  he  found,  that  the  thermo- 
meter being  at  150  (of  Celfius,  which  anfvvers  to  59  of  Fahrenheit)  one  hundred 
and  feventy-four  pounds  were  required.  When  the  precipitate  was  wafhed,  the 
water  was  rendered  turbid,  and  feemed  to  carry  off  fome  portions  of  bifmuth.  The 
whole  fediment  weighed  one  hundred  and  eighty  pounds.  The  firft  parcels  of  bif- 
muth, inftead  of  becoming  black  upon  immerfion,  became  white,  and  were  covered 
with  fmall  brilliant  cryftallizations  of  filver.  Towards  the  middle  it  is  diffolved 
without  lofing  its  lamellated  ItruCture,  and  affumes  a whitifli  earthy  afpeCt,  feldom 
of  a metallic  appearance;  but  towards  the  end,  the  pieces  which  are  continued 
to  be  added  become  immediately  black. 

Nickel,  as  foon  as  it  is  put  into  the  folution  of  filver,  turns  the  fluid  green, 
and  fome  precipitation  feems  to  take  place;  for  metallic  and  brilliant  fpots, 
though  few  and  flowly  produced,  are  feen  upon  the  furface.  The  operation  was 
not  haftened  by  excefs  of  acid,  and  a digefting  heat.  It  is  abfolutely  neceffary 
to  reduce  the  femi-metal  to  a fine  powder  ; a manipulation  which  is  unneceffary 
for  all  the  other  metals,  regulus  of  arfenic  excepted.  It  is  very  difficult  to  make 
an  experiment  with  accuracy,  when  a precipitate  is  to  be  thrown  down,  by  the 
gradual  addition  of  a pulverulent  matter.  Sixty-four  pounds  of  nickel  are  requi- 
red to  throw  down  one  quintal  of  filver.  The  precipitate  is  full  of  fmall  cryftals, 
and  contaminated  by  a brown  powder.  It  weighed  in  the  whole  one  hundred 
and  fixteen  pounds. 

Of  all  the  metals,  arfenic  precipitates  filver  with  the  greateft  difficulty.  It 
muft  be  pulverized ; for,  if  it  be  in  fragments,  its  furface  becomes  white,  and  the 
interior  part  is  not  attacked,  and  it  would  be  to  no  purpofe  to  employ  either  an 
excefs  of  acid  or  evaporation  to  dry  this.  Ninety-two  pounds  precipitate  the 
quintal  of  filver.  The  precipitate  walhed  and  dried  amoilnted  to  one  hundred 
and  forty  pounds;  the  increafe  being  owing  to  the  calx  of  arfenic. 

The  quintal  of  filver  is  precipitated  by  thirty-nine  pounds  of  cobalt,  in  the 
cryftalline  form,  without  the  affiftance  either  of  heat  or  pulverifing.  The  folu- 
tion immediately  becomes  red. 

Zinc  is  blackened  as  foon  as  it  is  immerfed  in  the  folution  of  filver.  It  be- 
comes covered  with  an  afh-coloured  mofs,  which  in  a few  moments  acquires  the 
brilliancy  of  filver.  Fifty-five  pounds  are  fufficient  for  the  precipitation.  The 
introduction  of  this  precipitant  produces  heat. 

The  precipitation  is  equally  well  effected  by  the  regulus  of  antimony.  The 
precipitate  has  even  a peculiar  appearance.  The  revived  metal  refembles 
twilled  fragments  of  filver  leaf.  The  folution  will  bear  diluting,  but  not  heat, 
which  prevents  the  laft  portions  of  filver  from  eafily  feparating.  About  eighty- 
three  pounds  of  the  precipitant  are  required,  and  the  precipitate  weighed  two 
hundred  pounds,  viz.  double  the  weight  of  the  filver  employed.  This  increafe 
arofe  from  the  calx  of  antimony,  which  was  almolt  totally  precipitated  ; for  the 
fluid  fcarcely  contained  a few  pounds. 
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Manganefe  becomes  immediately  covered  with  a pellicle  of  filver.  A powder 
was  produced  during  this  operation,  partly  black  and  partly  greenifh,  which 
weighed  eleven  pounds.  Forty-four  pounds  of  the  precipitant  were  required, 
and  the  precipitate  was  more  folid  than  with  the  other  metals  ; it  was  yellowifh. 

From  the  preceding  experiments,  the  feveral  metals  are  comparable  with  each 
other,  in  the  character  of  precipitants  of  a common  fubftance,  namely,  filver. 
In  the  following  experiments,  they  are  comparable  in  another  way,  viz.  as  pre- 
cipitates, by  the  common  fubftance  zinc. 

A quintal  of  pure  gold  diflolved  in  aqua  regia,  with  the  leaft  poflible  excefs  of 
acid,  required  two  hundred  and  feventeen  pounds  of  zinc  for  its  precipitation. 

A like  quantity  of  gold  was  precipitated  by  three  hundred  and  one  pounds 
of  Englifh  tin.  Sixty- fix  pounds  of  gold  were  completely  revived;  and  one 
hundred  and  fixty  pounds  of  a black  purple  were  obtained.  The  reft  of  the 
liquid  had  ftill  a purple  tinge ; but  it  was  not  decompofed  at  a moderate  hear, 
by  the  addition  of  a new  quantity  of  tin.  One  hundred  and  fifty-eight  pounds 
of  zinc  precipitated  a powder  inclining  to  purple,  which  when  wafhed  and  dried 
weighed  two  hundred  and  twelve  pounds. 

A quintal  of  crude  platina  was  diflolved  in  aqua  regia  until  the  menftruum 
would  take  up  no  more  at  a boiling  heat.  It  required,  however,  four  hundred 
and  fixteen  pounds  of  zinc  to  bring  the  folution  to  complete  faturation.  The 
fluid  acquires  a blood  colour,  and  is  filled  with  black  particles  which  feparate 
with  a lively  effervefcence.  After  this  inteftine  commotion  has  fubfided,  a black 
powder  falls,  which  when  walhed  and  dried  weighs  feventy-feven  pounds.  The 
remaining  liquor  is  yellowifh,  and  affords  lmall  cryftalline  grains  by  evaporation, 
efpecially  if  a minute  portion  of  vegetable  alkali  be  added.  The  black  powder 
urged  by  the  flame,  before  the  blow-pipe  on  charcoal,  firft  emits  white  fumes, 
and  then  refumes  the  metallic  brilliancy,  not  perfectly  white,  but  grayilh.  It  is 
not  magnetical,  either  before  or  after  this  application  of  heat. 

The  phenomena  of  zinc  and  filver  have  already  been  defcribed. 

One  hundred  pounds  of  mercury  require  forty-four  pounds  of  zinc  to  preci- 
pitate them  from  the  nitrous  acid. 

The  quintal  of  lead  diflolved  in  the  fame  acid,  is  precipitated  by  twenty-fix 
pounds  of  zinc.  That  which  falls  at  a moderate  heat  pofleffes  the  metallic  afpedt 
at  firft,  and  is  even  cryftallized;  but  foon  afterwards  it  becomes  converted  into 
a white  powder.  By  the  heat  of  ebullition,  a calx  only  is  obtained,  which  when 
waffled  and  dried  weighs  one  hundred  and  twenty-four  pounds. 

One  hundred  and  fixty- four  pounds  of  zinc  precipitate  one  hundred  of  copper 
diflolved  in  the  nitrous  acid.  The  folution,  which  is  at  firft  blue,  becomes  after- 
wards green.  Befides  the  copper  in  the  metallic  ftate,  a powder  is  precipitated, 
partly  white,  and  partly  greenifh.  The  whole  precipitate  weighs  two  hundred 
and  eleven  pounds. 

Thirty-eight  pounds  of  zinc  precipitate  twenty-fix  of  copper,  from  a quintal 
of  blue  vitriol. 

Iron  diflolved  in  the  nitrous  acid  affords,  upon  the  addition  of  zinc,  nothing 
but  a mere  calx,  the  fame  as  would  have  feparated  fpontaneoufly,  fo  that  it  is 
impoffible  to  afcertain  any  decided  proportion. 

One  quintal  of  green  vitriol  put  into  a clofed  matrafs,  and  without  any  hear, 
to  prevent  the  calcination  of  the  precipitate,  let  fall  nothing  but  a (mail  quan- 
tity of  ochreous  fediment,  and  the  femi-metal  was  not  diminifhed  at  the  end  of 
eight  days. 
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Sixty-eight  pounds  of  zinc  are  required  to  precipitate  one  quintal  of  tin 
•diffolved  in  aqua  regia.  The  precipitate  has  not  the  metallic  afpect.  It  is  a 
white  calx,  and  weighs  one  hundred  and  forty-nine  pounds.  Forty-nine  pounds 
of  zinc  precipitate  one  hundred  of  bifmuth  diffolved  in  the  nitrous  acid.  At  a 
moderate  heat  it  has  the  metallic  form  ; but  at  a fuperior  temperature,  a calx 
only  is  obtained,  which  weighs  one  hundred  and  thirty-three  pounds. 

A quintal  of  regulus  of  nickel  diffolved  in  nitrous  acid  let  fall  eighty  pounds 
of  a black  matter,  which  was  almoft  entirely  arfenic  in  the  reguline  ftate.  Fifty- 
four  pounds  of  zinc  are  required  for  this  purpofe.  By  a longer  digeftion  with 
this  femi-metal,  nothing  more  is  feparated  but  a powder  of  a greenifh  white, 
which  is  a mixture  of  the  calces  of  zinc  and  nickel.  The  reft  of  the  folution 
remains  as  perfectly  green  as  before.  It  appears  therefore,  that  the  arfenic 
which  ftill  remains  in  the  firft  regulus  of  nickel  may  be  feparated  better  in  this 
way  than  by  repeated  calcinations. 

Zinc  immerfed  in  a folution  of  a quintal  of  regulus  of  arfenic  in  aqua  regia, 
precipitated  at  firft  nothing  but  fome  blackifh  particles,  which  became  white 
during  digeftion,  and  increafed  in  quantity  by  the  addition  of  more  white  pow- 
der. The  weight  of  the  precipitate  was  one  hundred  and  twenty-three  pounds, 
and  the  lofs  of  the  precipitant  one  hundred  and  twenty-fix. 

Cobalt  lets  fall  by  the  addition  of  zinc  affifted  by  a digefting  heat,  a powder 
which  weighs  thirty-one  pounds.  The  colour  of  the  folution  remains  unchanged, 
and  the  weight  of  the  zinc  is  very  little  altered,  though  the  evaporation  be  carried 
repeatedly  to  drynefs. 

The  folution  of  a quintal  of  regulus  of  antimony  in  aqua  regia  is  precipitated 
by  feventy  pounds  of  zinc.  The  antimony  is  recovered  in  the  form  of  a white 
powder,  and  the  folution  cannot  be  had  very  clear,  but  by  means  of  excefs  of 
acid.  The  precipitate  is  more  or  lefs  charged  with  calx  of  zinc,  according  to 
the  intenfenefs  of  the  heat. 

Manganefe  lets  fall  the  foreign  fubftances  which  tnay  be  united  with  it  more 
or  lefs  readily  than  iron,  nickel,  and  cobalt.  The  piece  of  zinc  becomes  red, 
if  copper  be  prefent,  though  in  fmall  proportion,  and  this  foreign  metal  may  be 
better  precipitated  in  this  than  in  any  other  way.  A green  and  white  powder  is 
depofited,  which  phenomenon  has  already  been  noticed  in  copper  alone. 

The  important  confequences  deduced  by  Bergman  from  the  preceding  expe- 
riments are  as  follow  : 

The  metals  adhere  to  the  different  acids  in  different  degrees  of  dephlogifti- 
cation.  For  example,  one  hundred  pounds  of  filver  diffolved  in  the  nitrous 
acid  require  thirty-two  of  copper  for  their  redudtion,  whereas  in  the  vitriolic  we 
have  feen,  that  no  more  than  thirty  of  copper  are  neceffary.  Again,  one  hun- 
dred pounds  of  copper  in  the  vitriolic  acid  require  no  more  than  one  hundred 
and  forty-fix  of  zinc,  but  in  the  nitrous  acid,  one  hundred  and  lixty-four. 
Again,  twenty-three  pounds  of  copper  precipitate  the  quintal  of  mercury  from 
nitrous  acid,  but  in  the  marine  acid,  fixteen  pounds  are  fufHcient.  Whence  it 
may  be  concluded,  that  the  nitrous  acid  dephlogifticates,  or  calcines  the  metals 
to  a high  degree  ,•  the  vitriolic  acid  fomewhat-lefs,  and  the  marine  ftill  lefs. 

Sinde  the  folutions  were  made  with  the  leaft  poffible  excefs  of  acid,  it  muft 
follow,  from  the  weights  of  the  precipitant  and  the  precipitate,  that  the  refpec- 
tive  quantities  of  phlogifton  parted  with  by  equal  weights  of  the  metals  during 
folution,  will  be  inverfely  proportioned  to  thofe  weights.  Whence  if  the  quan- 
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tity  of  phlogifton  thus  determined  be  expreffed  by  the  number  ioo,  for  the  cen- 
tenary of  filver  ; the  quantity  contained  in  mercury  will  be  74  ; in  lead  43  ; in 
copper  312  ; in  iron  256  ; in  tin  1 14  ; in  bifmuth  57  ; in  nickel  156  ; in  arfenic 
109  ; in  cobalt  270  ; in  zinc  182  ; in  antimony  120  ; and  in  manganefe  227. 

Thefe  deductions  are  made  from  the  precipitates  by  filver.  In  order  to  com- 
pare them  with  the  experiments  wherein  zinc  was  the  common  meafure,  the  quan- 
tity of  phlogifton  in  that  metallic  fubftance  muft  be  affumed  to  be  182,  con- 
formably to  the  preceding  deductions.  From  this  calculation  the  quantities  will 
be,  for  the  quintal  of  gold  39 4;  of  platina  756  ; of  mercury  80  ; of  lead  47  ; 
of  copper  292  j of  bifmuth  64;  and  of  antimony  127.  The  inconfiderable  dif- 
ferences between  thefe  numerical  quantities  require  to  be  examined  by  new  ex- 
periments. Among  thefe  faCts,  Bergman  confiders  the  experiments  with  filver 
as  moft  worthy  of  confidence,  becaufe  a fingle  grain  of  fea  fait  immediately  fhews 
whether  the  whole  of  the  filver  has  been  precipitated,  and  the  diflolved  filver  does 
not  lofe  its  character  and  other  properties. 

By  the  application  of  the  principles  eftablilhed  at  the  beginning  of  this  extraCV, 
relative  to  the  filver  confidered  as  a precipitate,  it  is  obfervable  that  the  weight  of 
folvent  required  to  diffolve  one  hundred  parts  of  the  precipitant,  does  in  no  inftance 
prove  accurately  equal  to  that  which  has  fufpended  the  lame  quantity  of  metal  which 
affords  the  precipitate.  The  quantity  of  folvent  for  equal  portions  of  lead  and 
of  mercury  is  greater  than  for  filver;  but  for  copper,  iron,  tin,  (bifmuth)  nickel, 
arfenic,  cobalt,  zinc,  and  maganefe,  it  is  lefs.  Zinc  confidered  as  a precipitant 
likewife  affords  no  examples  wherein  thefe  quantities  are  equal.  For  platina, 
iron,  and  antimony,  the  quantity  of  folvent  for  the  precipitant  is  greater  than  for 
an  equal  portion  of  the  precipitate;  but  in  all  the  other  inftances  it  is  lefs. 

Bergman  fufpeCts,  not  without  motives,  that  the  quantity  of  folvent  required- 
for  the  precipitate  being  greater,  and  the  quantity  of  phlogifton  required  to  be 
imparted  by  the  precipitant,  being  either  equal  to  or  greater  than  that  required 
by  the  precipitate,  will  be  the  confequence  of  a more  abundant  folution  of  the 
precipitant  than  is  neceffary  to  reduce  the  metal  which  is  precipitated.  If  this 
fufpicion  be  real  in  all.fimilar  cafes,  it  will  affedt  the  ground  of  thefe  calculations. 
A fcrupulous  attention  to  the  phenomena  may  probably  explain  this  difficulty. 
Every  folution  of  metal  is  accompanied  with  the  development  of  an  uniform 
fluid,  which  efcapes  with  effervefcence  ; but  its  precipitation  when  the  folution 
is  faturated  does  not  exhibit  this  phenomenon;  or  at  leaft  the  bubbles  of  air* 
which  appear  are  very  fmall  and  feldom  obferved.  Iron,  which  is  eafily  at- 
tacked by  all  folvents,  remains  unaltered  for  many  weeks  in  the  nitrous  folutions 
of  lead  and  filver.  Bergman  has  few  doubts  with  regard  to  the  precipitations 
of  filver,  becaufe  they  were  well  made,  and  all  the  phlogifton  is  preferved  ; but 
thofe  in.  which  zinc  is  the  agent  are  not  entitled  to  the  fame  confidence.  For  in 
fbme,  the  point  of  faturation  is  difficultly  obferved  ; in  others,  effervefcence  ap- 
pears; and  laftly,  in  others  the  precipitate  and  precipitant  unite.  The  next 
paragraph  but  one  fhews  how  it  happens,  when  the  menftruum  which  has  dif- 
folved  the  firft  metal  is  not  fufficient  to  diffolve  the  requifite  quantity  of  the  fe- 
eond,  or  when  the  precipitating  phlogifton  is  infufficient,  that  the  redudtion  is 
not  completely  made. 

Moft  of  the  precipitated  metals  poffefs  the  metallic  afpedt.  In  this  cafe  they 
are  always  cryftallized.  But  it  fometimes  happens  that  the  phlogifton  received  in 
the  humid  way  adheres  fo  flightly,  that  it  readily  quits  them  without  any  remark- 
able 


P R E 


P R E 


( 7i5  ) 


able  heat.  Such  are  lead,  bifmuth,  arfenic,  and  antimony ; and  what  is  more 
remarkable,  it  fometimes  quits  them,  before  the  metal  has  arrived  at  the  bottom 
of  the  veffel.  Tin  in  particular  exhibits  this  remarkable  fad. 

The  comparifon  of  the  weights  fhews  in  the  moft  pofitive  manner,  that  it  is  not 
feldom  that  a portion  of  the  precipitant  falls  down  likewife  in  the  Rate  of  calx, 
which  fometimes  arifes  from  the  want  of  phlogifton,  or  of  folvent.  The  phlo- 
gifton  of  a quintal  of  lead,  for  example,  being  only  45,  there  will  be  234  pounds 
of  this  metal  required  to  reduce  a fingle  quintal  of  filver  : but  234  pounds  of 
lead  require  a much  greater  quantity  of  nitrous  acid  for  their  folution  than  100 
pounds  of  filver ; and  in  order  thac  a fufficient  quantity  of  phlogifton  may  be 
afforded,  it  is  neceffary  that  the  calcined  lead  fhould  be  precipitated  from  this 
defective  quantity  of  menftruum  by  the  metallic  lead  which  is  afterwards  added. 

In  other  cafes  the  two  metallic  calces  unite,  and  fall  down  in  the  moft  inti- 
mate ftate  of  union  ; fuch  are  thofe  of  copper  and  zinc,  tin  and  gold. 

Moft  of  the  precipitants  become  firft  black,  then  are  briftled  over  with  final! 
afti-coloured  needles,  which  fpeedily  affume  the  metallic  afped.  Thefe  are  the 
different  degrees  of  revivification. 

From  the  preceding  feries  of  experiments,  Bergman  deduces  the  affinity  of  the 
metals  with  phlogifton  to  be  in  the  following  order  : platina,  gold,  copper,  co- 
balt, iron,  manganefe,  zinc,  nickel,  antimony,  tin,  arfenic,  filver,  mercury, 
bifmuth,  and  lead.  It  may  here  be  remarked,  that  this  is  not  the  order  of  che- 
mical attradion,  but  an  order  relative  to  the  quantities  of  this  fuppofed  principle, 
which  each  metal  lofes  as  the  precipitant  of  zinc,  or  takes  when  precipitated  by 
filver.  That  the  chemical  attradions  have  not  yet  been  (hewn  to  bear  any  dired 
relation  to  the  quantities  of  two  principles  united  to  a certain  point  of  faturation, 
is  explained  under  the  article  Attraction.  If  mature  reflection  be  had  on  the 
different  ftages  of  calcination  of  metals,  it  will  be  feen,  that  though  this  great  work 
of  Bergman  has  furnilhed  us  with  many  admirable  conclufions,  much  yet  re- 
mains to  be  done,  both  in  the  way  of  experiment  and  the  explanation  of  fads, 
before  this  fubjed  will  be  nearly  exhaufted. 

In  the  antiphlogiftic  theory,  the  transfer  of  the  bafe  of  vital  air,  or  the  oxyge- 
nous principle,  from  one  metal  to  another,  according  to  their  refpedive  attradions, 
will  explain  all  the  preceding  effeds  without  the  afliftance  of  phlogifton.  M.  La- 
voifier  has  put  the  refult  of  Bergman’s  experiments  into  another  form,  to  exprefs 
the  quantity  of  oxygene,  or  bafe  of  vital  air,  required  to  diffolve  100  grains  of  each 
of  the  metals.  For  by  his  own  experiments  he  finds  that  mercury  in  the  quan- 
tity of  100  grains  acquires  eight  grains  by  folution  and  precipitation  in  the 
ftate  of  calx.  Now  the  quantities  of  oxygene  will  be  refpedively  in  the  fame 
inverfe  proportion  of  the  weight  of  the  precipitates,  as  Bergman  before  deduced 
the  quantities  of  phlogifton  to  be.  Whence  he  computed  the  following  table  : 


Meials. 


Oxigenous  principle. 


100  grs.  of  Platina 


Gold 

Iron 


8 1,690 
43,612 


Copper 

Cobalt 

Manganefe 


36,000  1 5,85 

29,190 

21,176 
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Metals . 

Oxigenous  principle. 

Gr. 

Far  folution  merely. 

100  grs.  of  Zinc 

— - 

*9,637 

Nickel 

— 

14,7a1 

Reg.  of  ant. 

— 

*3>74<> 

22,383 

Tin 

— 

14 

23>555 

Reg.  of  arf. 

— 

{">739 

24,743 

Silver 



10,800 

Bifmuth 

— 

9,622 

Mercury 

— 

8,ooo’ 

Lead 

— ■ 

4,470 

14,190 

PRECIPITATE  (BLACK 

AND 

ROSE-COLOURED).  Lemeri,  wh<r 

mentions  many  precipitates  of  mercury  of  different  colours,  fays,  that  if  a folu- 
tion  of  mercury  in  acid  of  nitre  be  precipitated  by  urine,  inftead  of  a folution  of 
common  fait,  a rofe-coloured  precipitate  of  mercury  will  be  formed ; and  that  if 
afterwards  fome  fixed  or  volatile  alkali  be  added  to  the  liquor  from  which  the 
rofe-coloured  precipitate  has  been  formed,  another  precipitate  which  is  black- 
will  be  obtained. 

The  rofe-coloured  precipitate  confifts  of  mercury  united  with  the  phofphoric 
acid,  and  the  black  appears  to  be  mercury  nearly  reduced.  This  laft  muft  be 
xnoft  abundant,  where  the  mercurial  folution  has  been  made  by  heat.  See  Mer- 
cury, p.  486. 

PRECIPITATE  (GREEN) ; and  PRECIPITATE  (BLACK) ; or  VI- 
OLET-COLOURED,of  MERCURY.  Someauthors,  particularly  Lemeri, give 
proceffes  for  other  preparations  of  mercury,  which  have  been  employed  as  reme- 
dies, and  which  are  improperly  called  precipitates.  Such  is  green  precipitate,, 
which  is  a mixture  of  four  parts  of  mercury  and  one  part  of  copper,  diffolved  fe- 
parately  in  the  nitrous  acid,  and  treated  as  intheprocefs  for  making  red  precipi- 
tate ; afterwards,  partly  diffolved  a fecond  time  by  being  digefted  with  vinegar.; 
and  laftly,  reduced  by  evaporation  to  a dry  confidence.  Such  alfo  is  the  pre- 
paration called  by  Lemeri  violet  mercury,  or  black  mercurial  panacea,  or  black 
precipitate,,  which  is  an*  artificial  cinnabar  overcharged  withfulphur,  mixed  with 
fal  ammoniac,  and  prepared  by  a very  long  and  laborious  procefs  : but  as  thefe 
preparations  have  been  made  only  for  the  ufe  of  medicine,  and  have  fallen  into 
difrepute,  we  (hail  not  fay  any  more  of  them,  excepting  that  they  are  fingular 
mixtures,  accompanied  with  many  unforefeen  appearances,  which  could  not  be 
explained  without  further  examination  and  particular  differtations. 

PRECIPITATE  PER  SE.  This  preparation  of  mercury  is  very  improperly 
called  a precipitate;  becaufe  it  is  not  feparated  from  one  fubftance  by  means  of 
another  fu-bftance,  as  all  true  precipitates  are,  but  is  only  mercury  reduced  to 
a red  powder  by  calcination. 

To  make  this  preparation,  three  or  four  ounces  of  mercury  are  put  into  a flat- 
bottomed  glafs  matrafs,  the  neck  of  which  is  very  long,  and  the  opening  of  a 
capillary  fize.  This  matrafs,  the  belly  of  which  ought  not  to  be  entirely  full  of 
mercury,  is  to  be  placed  in  a fand  bath,  and  heated  till  the  bottom  of  the  veil'd 
containing  the  fand  be  red-hot.  This  heat  is  to  be  continued  during  two  or  three 
months.  The  mercury  gradually  lofes  its  lultre,  and  part  of  it  is  converted  into  a 
red  powder,  which  does  not  mix  with  the  remaining  fluid  mercury,  but  floats 
upon  the  furface  of  the  mercury;  or  adheres  to  the  fides  of  the  veffel.  The 
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operation  may  be  fhortened  by  ufing  a greater  number  of  matraffes,  all  which 
may  be  placed  in  the  fame  bath.  When  enough  of  this  red  powder  is  obtained, 
it  is  to  be  collected  and  feparated  from  the  remaining  fluid  mercury.  This  is 
called  precipitate  per  fe,  or  by  itfelf,  or  red  precipitated  mercury  without  addition. 

This  preparation  of  mercury  we  have  received  from  the  alc.hem.ifts,  who  fpared 
no  pains  to  change  mercury  and  to  fix  it.  They,  received  great  hopes  from  the 
change  of  colour,  the  want  of  fluidity,, and  the  diminution  of  volatility  which 
the  mercury  fufters  by  this  operation*  Although  the  mercury  is  much  difguifed 
by  thefe  changes,  yet  it  is  not  greatly  altered,  becaufe  it  may  be  reduced  to  fluid 
mercury  by  heat  without  addition.  It  is  a combination  of  mercury  with  the  vital 
air  of  the  atmofphere. 

PRECIPITATE  (RED).  If  a folution  of  mercury  in  nitrous  acid  be  re- 
duced to  drynefs  by  evaporation,  and  the  mercurial  nitre  thence  formed  be  put 
into  an  open  matrafs  fet  in  a fand-bath,  with  a fire  gradually  increafing,  the  ni- 
trous acid  will-  difengage  itfelf  from  the  mercury,  and  evaporate  in  a red  vapour. 
While  the  acid  evaporates,  thefaline  mercurial  mafs  lofes  its  original  whkenefs, 
becomes  yellow,  then  orange,  and  laftly  red. 

This  red  matter,  when  feparated  from  the  matrafs  (Which  muft  be  broken  for 
.that  purpofe)  and  pulverifed  in  a gfafs- mortar,  is  the  red  precipitate  as  it  is  impro- 
perly called ; it  not  being  a precipitate,  but  a mercurial  calx  from  which  the 
greateft  part  of  the  acid  has  been  expelled  by  the- fire,  without  the  application  - 
of  any  intermediate  fubftance. 

The  acid  is  decompofed.  Its  azotic  part  flies  off,  and  the  vital  air  remains  in 
combination  with  the  mercury.  This  precipitate,  therefore,  when  well  made, 
does  not  differ  from 'the  precipitate  per  fe. 

PRECIPITATE  (YELLOW).  As  chemifts  have  given  ■ many'  different 
forms  to  mercury,  to  adapt  it  to  medicinal  ufes  and  to  chemical  procelfes ; fo  they- 
have  made  various  precipitates  of  it,  and  have  given  the  name- of  precipitate  to  ; 
other  mercurial  preparations,  which  in  fa<T  are  not  precipitates.  Thefe  are 
chiefly  denominated  from  their  colours,  without  adding  any  epithet-  to  fhew  that 
they  are  mercurial.  Thus,  white  precipitate,  yellow  precipitate,  red  precipi- 
tate, &c.  are  preparations  offmereury.  Yellow  precipitate  is  mercury  diffolved 
by  vitriolic  acid,  from  which  it  is  afterwards  feparated  by  addition  of -water 
alone;  it  is  then  in  form  of  a yellow  powder.  See  Turbith  Mineral.  - 

PRECIPITATE  (WHITE).  This  is  mercury  feparated  from  nitrous  acid 
by  marine  acid,  with  which  it  then  unites.  White-precipitate  is  made  by  pouring  , 
a folution  of  common  fait  indiftilled  water  into  a folution  of  mercury  in  nitrons 
acid,  till  no  more  precipitate  falls.  When  the  fediment  is  colleded  at  bottom,  - 
the  fupernatant  liquor  is  to  be  decanted, .and  the  precipitate  is  to  be  wafhed  feverai  1 
times  with  dlftilled  water,  and  then  dried. 

This  precipitate  of  mercury  is  one-  of  thofe  called  compound.'  It  is  a combi- 
nation of  mercury  with  the  acid  of  common  fait;  for  in  this  operation,  as  well  - 
as  in  the- precipitation  of  the  corneous  metals,  the  metallic  matter,  is  only  fepa- 
rated from  the  nitrous  acid  by  means  of  the  combination  it  forms  with  the  ma- 
rine acid.  In  this  precipitation,  then^  the  phenomena  are  fimilar.  to  thofe  which 
happen  in  the  formation  of  luna  cornea  and  plumbum  corneum.  - 1.  White  pre- 
cipitate may  be  made  by  pure  marine-acid.  2.  When  it  is  made  by  common  fait, 
or  other  fait  containing  marine  acid,  two  decompofnions  happen,  and  two  new 
combinations  are  formed.  The  nitrous  acid,  .which  was  -originally  united  with  the 
mercury,  combines  with  the  fubftance  that  was  united  with  the  marine  acid,  and 
forms  a new  nitrous  fait,  which  remains  diffolved  in  the  liquor.  . When  common 
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fait  is  employed,  cubic  nitre  is  formed.  If  marine  fait  with  an  earthy  balls  is  ufed, 
the  liquor  after  the  precipitation  contains  a nitre  with  earthy  bafis.  Upon  this 
fubjedt,  fee  the  article  Affinity.  3.  All  the  mercury,  though  entirely  feparated 
from  nitrous  acid,  and  united  with  marine  acid,  is  not  precipitated  on  the  prefent 
occafion,  becaufe  it  is  reduced  to  a faline  compound  eflentially  foluble  in  water; 
and  confequently  the  liquor  contains  as  much  of  it  as  it  can  dilfolve,  and  another 
part  of  it  is  diflblved  by  the  water  employed  to  wafh  it. 

Lemeri  gives  another  procefs  for  making  a white  precipitate,  which  confifts  in 
diflolving  four  ounces  of  fal  ammoniac  in  a pound  of  water;  to  which  is  to  be 
added  an  equal  quantity  of  corrofive  fubiimate ; all  which  could  not  be  entirely 
diflblved  alone  in  that  quantity  of  water,  but  may  by  means  of  the  fal  ammoniac. 
See  Sublimate  (Corrosive)  and  Tincture  of  Mercury.  Into  this  folution 
liquid  fixed  alkali  is  to  be  added  till  no  more  is  precipitated.  The  precipitate  is 
very  white,  and  it  has  been  accordingly  called  white  precipitate  by  feveral  che- 
mifts : but  it  ought  not  to  be  confounded  with  the  white  precipitate  formed  by 
adding  marine  acid  or  common  fait  to  a folution  of  mercury  in  nitrous  acid ; for 
they  are  evidently  very  different. 

PRECIPITATE  OF  GOLD  BY  TIN,  or  PURPLE  POWDER  OF 
CASSIUS.  This  precipitate  of  gold  maybe  made  by  feveral  methods:  but 
which  of  thefe  is  the  beft,  has  not  yet  been  decided.  The  caufe  of  this  uncer- 
tainty is,  that  the  preparation  requires  delicate  management,  and  is  uncertain  in 
its  refult  j the  beauty  of  the  colour  Teeming  to  depend  on  fome  fmall  circum- 
ftances  not  yet  difcovered  ; for  we  find  that  the  colour  of  the  powder  obtained 
frequently  varies,  notwithftanding  the  procefles  feem  to  have  been  the  Tame. 
Macquer  tried  feveral  methods.  The  following  is  that  which  beft  fucceeded  with 
him,  and  is  nearly  the  fame  as  that  defcribed  by  Mr.  Gellert  in  his  Metallurgic 
Chemiftry. 

Make  an  aqua  regia  with  two  parts  of  fpirit  of  nitre  and  one  part  of  fpirit  of 
fait;  dilute  this  acid  with  an  equal  quantity  of  diftilled  water ; add  to  it  a fmall 
piece  of  Malacca  tin,  and  lei  it  be  diflblved  without  heat.  If  the  weather  be  cold, 
the  time  employed  in  this  folution  will  be  long  ; but  this  is  rather  an  advantage 
than  an  injury.  When  this  piece  of  tin  is  entirely  diflblved,  add  another,  and  let 
it  be  diflblved  in  the  fame  manner ; continue  to  add  more  pieces  of  tin,  one  at 
a time,  till  the  liquor  has  acquired  a yellow  colour,  and  almoft  ceafes  to  adt  upon 
the  tin  ; then  decant  the  liquor  from  the  remaining  piece  of  metal. 

Alfo  diflolve  gold  of  twenty- four  carats  in  aqua  regia  compofed  of  three  parts 
of  fpirit  of  nitre,  and  one  part  of  fpirit  of  fait.  This  folution  may  be  accelerated 
by  the  heat  of  a fand-bath. 

Dilute  the  folution  of  tin  in  a hundred  times  its  quantity  of  diftilled  water.  Try 
your  folutions  in  the  following  manner : take  a fmall  quantity  of  the  diluted  fo- 
lution of  tin  ; divide  it  into  two  parts  ; to  one  of  which  add  a known  quantity  of 
diftilled  water : to  each  of  thefe  proportions  of  the  folution  of  tin  add  a drop  of 
the  folution  of  gold,  by  which  they  will  acquire  a red  purple  colour : obferve 
which  of  the  colours  of  the  two  folutions  is  the  fineft,  and  keep  to  that  degree 
of  dilution  for  the  reft  of  the  folution  of  tin  : to  the  folution  of  tin  thus  diluted 
addfuch  a quantity  of  the  folution  of  gold,  that  there  Ihall  be  in  the  mixture  two 
parts  of  the  former  metal  to  one  of  the  latter  : ftir  well  the  mixture  (which  ought 
to  be  made  in  a large  glafs  veflel)  with  a glafs  rod.  The  whole  will  acquire  the 
colour  of  red  wine,  and  a fediment  will  gradually  be  depofited  of  the  fame  colour, 
while  the  liquor  will  become  clear.  Then  pour  into  this  clear  liquor  fome  drops 
of  the  folution  of  tin,  and  obferve  if  any  more  gold  is  precipitated  : when  the 
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liquor  is  very  clear,  decant  it  gently  from  the  fediment,  which  is  to  be  wellwafhed 
with  pure  diftilled  water.  This  is  precipitate  of  gold,  or  the  purple  powder  dis- 
covered by  Caffius.  It  is  a valuable  preparation,  becaufe  it  is  the  only  one  known 
capable  of  giving  a red  purple  or  crimfon  colour  to  glafs,  enamel  and  porcelain. 
When  it  is  to  be  ufed,  it  mull  be  well  mixed,  and  ground  with  a fufible  glafs,  as 
Venice  glafs ; and  this  mixture  is  to  be  expofed  to  the  degree  of  heat  neceffary 
for  melting  the  glafs.  If  a coloured  glafs  or  artificial  ruby  be  required  to  be 
made,  fo  large  a quantity  of  glafs  is  to  be  added  to  the  mixture,  that  the  gold 
fli all  not  deft roy  its  t ran fparency  : but  for  enamel  painting  a fmaller  quantity  of 
glafs  is  required,  that  the  colour  may  be  intenfe.  The  particular  proportions 
cannot  be  afcertained,  becaufe  the  intenfity  of  the  colour  given  by  the  gold  is  very 
variable. 

The  precipitate  itfelf  is  an  intimate  combination  of  the  calces  of  gold  and  tin. 

In  the  Novi  Commentarii  of  the  Royal  Society  of  Gottingen  for  the  year 
1774,  there  is  an  account  of  experiments  made  to  inveftigate  the  canfes  of  the  un- 
certainty of  fuccefsin  preparing  the  purple  precipitate  of  Caffius,  by  Jean.  Chrift. 
Polyc.  Exleben.  According  to  this  author,  a principle  requifite  for  the  fuccefs 
of  this  operation  is,  that  the  folution  of  tin  (hould  not  be  turbid  : and  as  the 
nitrous  acid  in  difl'olving  tin  converts  a great  deal  of  this  metal  into  a white  calx, 
care  muft  be  taken,  that  the  proportion  of  nitrous  acid  in  the  aqua  regia  em- 
ployed for  the  folution  of  the  two  metals  be  not  too  great.  A too  great  propor- 
tion alfo  of  marine  acid  is  to  be  avoided;  as  this  acid,  when  in  too-great  quan- 
tity, blackens  the  furface  of  the  tin,  and  thereby  impedes  its  folution  in  the  aqua 
regia.  He  recommends,  therefore,  to  prepare  the  aqua  regia  by  adding  to  aqua 
fords  ^ of  its  weight  of  fpirit  of  fait;  and  if,  upon  adding  a fmall  piece  of  tin, 
a perfed  folution  takes  place  without  expofure  to  heat,  the  acids  are  in  due  pro- 
portion ; but  if  a black  calx  remains  undiffolved,  he  advifes  to  add  more  nitrous 
acid,  and  if  a whitilh  calx,  more  marine  acid  : the  folution  is  to  be  performed 
flowly  and  without  heat,  by  adding  fmall  portions  of  tin  only  at  a time,  till  all 
is  diflolved.  He  does  not  find  it  neceffary  that  the  folutions  of  gold  and  tin 
fhould  be  faturated,  as  Baume  afferts.  He  fays  that  unlefs  the  folution  of  tin 
be  recently  prepared,  it  is  not  fit  for  the  precipitation  of  the  purple  precipitate; 
that  by  ftanding  a longer  or  Ihorter  time,  according  to  the  veffel  being  well  or  ill 
flopped,  it  lofes  its  dark  colour,  and  its  power  of  producing  the  purple  precipi- 
tate; both  which  return  upon  adding  a piece  of  tin.  The  folutions  undiluted 
being  mixed,  a dark-coloured  not  a purple  precipitate  was  obtained.  Diftilled 
water  ought  to  be  ufed.  Well-water  gave  a violet  colour,  owing  to  the  earthy 
particles  in  it. 

Long  cylindrical  pieces  of  glafs,  called  Jew’s  glafs,  are  commonly  fold,  and 
much  ufed  by  manufacturers  of  glafs-toys.  This  glafs,  though  perfedly  colour- 
lefs,  yet  when  it  is  expofed  to  the  heat  and  flame  of  a lamp,  acquires  a beautiful! 
ruby  colour,  exa&ly  fimilar  to  that  of  pure  glafs  melted  with  powder  of  Caffius. 
As  no  other  known  fubftance  but  gold  gives  that  colour  to  glafs,  we  may  prefume 
that  this  glafs  contains  fome  of  that  metal.  Its  want  of  colour  proceeds  from  its 
having  been  melted  in  a covered  pot  ; by  means  of  which  it  is  defended  from 
flame  or  fmoke,  which  feem  to  be  neceffary  to  give  to  this  glafs  its  peculiar 
colour. 

Dr.  Lewis  obferves,  that  though  a purple  or  a ruby  colour  may  eafily,  by  the 
methods  pubhlhed,  be  applied  upon  glafs  or  enamels,  and  introduced  into  the 
mais  by  fufion,  the  way  of  equally  diffufing  fuch  a colour  through  a quantity  of 
fluid  glafs  is  ftill  a fecrec.  That  author  fays,  that  he  has  made  leverai  trials  of 
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this  kind,  in  one  of  which  the  glafs  was  uniformly  tinged  of  a ruby  colour ; and  in 
the  other  various  colours,  as  yellow,  red,  and  brown,  appeared,  and  were  un- 
equally diffufed : but  he  had  nor  difcovered  the  oircumftances  upon  which  thefe 
differences  depend.  Orfchal  in  his  Treatife,  Sol  fine  Vefte,  gives  a procefs  by  which 
he  obtained  a fine  ruby  glafs.  He  directs,  that  the  powder  of  Caflius  fhould  be 
ground  with  fix  times  its  quantity  of  Venice  glafs  finely  powdered;  and  that  this 
mixture  fhould  be  well  mingled  with  a fritt  confiding  of  equal  parts  of  borax, 
nitre,  and  fixed  alkaline  fait,  and  four  times  as  much  calcined  flint  as  of  any  of 
the  falts  : but  he  does  not  mention  the  proportion  of  the  powder  of  Caflius  to  the 
fritt,  nor  in  what  manner  the  fufion  is  to  be  performed. 

Kunkel  fays,  that  one  part  of  the  powder  of  Caflius  is  fufficient  to  give  a ruby 
colour  to  twelve  hundred  and  eighty  parts  of  glafs. 

Dr.  Franklin  obferves,  that  gold-leaf  placed  betwixt  two  plates  of  glafs  being 
expofed  to  an  eledtrical  fhock,  ftained  the  contiguous  glafs  with  red  fpots,  which 
were  funk  into  the  body  of  the  glafs. 

PRINCIPLES.  Among  the  various  divifions  or  arrangements  of  chemical 
principles,  that  which  follows  their  refpedlive  degrees  of  fimplicity  mufl  undoubt- 
edly prove  the  moft  ufeful,  becaufe  the  more  compounded  bodies  will  eafily  affume 
a regular  order  when  their  refpedlive  principles  are  known  and  properly  claffed. 
There  is  however  a limit  in  the  advantages,  that  may  be  derived  even  from  this 
method  of  divifion.  The  more  we  fucceed  in  Amplifying  the  principles  of  bo- 
dies, the  more  difficult  it  is  to  determine  truly  what  paffes  in  chemical  operations; 
becaufe  thefe  principles,  when  in  their  moft  diftindt  ftate,  have  the  aerial  form, 
and  cannot  therefore  be  managed  or  weighed  without  confiderable  difficulty 
From  this  caufe  it  is  that,  while  we  have  no  difputes  concerning  the  changes  of 
combination  in  groffer  or  lefs  Ample  fubftances,  the  moft  eminent  chemifts  often 
differ  in  their  opinions  concerning  the  tranfitions  of  firft  principles  from  one 
combination  to  another ; and  are  not  agreed  concerning  the  exiftence  of  fome  of 
them.  The  peculiar  properties  of  bodies  may  be  changed,  either  by  the  addition 
or  fubtradlion  of  fome  of  their  component  parts ; and  it  is  eafy  to  form 
a notion  that  fuch  a change  may  alfo  happen  by  a mere  alteration  in  the  difpo- 
fition  or  relative  arrangement  of  their  parts,  without  any  change  in  their  quan- 
tities. To  determine  which  of  thefe  events  takes  place,  when  we  behold  only 
the  confequent  change,  is  fometimes  impradticable,  for  want  of  a fufficient  num- 
ber of  fadls  j and  in  moft  cafes  the  complete  inveftigation  requires  the  unpreju- 
diced and  patient  exertion  of  ail  the  powers  of  the  mind.  It  appears  proper 
therefore  in  an  elementary  arrangement,  to  fix  our  attention  chiefly  on  the  moft 
palpable  component  parts  of  bodies,  which  are  fufficiently  Ample ; and  where 
they  are  not  the  fimpleft  to  confider  their  principles  in  the  analytical  method. 

The  component  parts  of  bodies  are  either, 

i.  Principles  whofe  exiftence  is  doubtful  : thefe  are  heat,  light,  and  phlogifton. 

%.  Principles  which  have  not  been  exhibited  in  a folid  or  fluid  ftate,  or  dif- 
folved  in  water,  in  any  .notable  proportion  : thefe  are  vital  air,  phlogifticated  air, 
and  inflammable  air. 
g.  Water. 

4.  Earths. 

5.  Alkalis. 

6.  Acids. 

7.  Metals. 

Mineral  combuftibles.  See  the  articles  refpedfively.. 

,o.  Parts  of  organized  fubftances,  whether  obtained  by  mechanical  preffurej  by 
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fimple  folution  in  water  or  ardent  fpirit,  by  a gentle  or  a ftrongheat,  by  the  ac- 
tion of  folvents,  or  by  fpontaneous  decompofition. 

The  only  general  divifion  of  bodies  at  prefent  referred  to  in  the  writings  of 
modern  chemifts,  is  that  by  which  they  are  claffed  into  three  kingdoms,  called 
the  animal,  vegetable,  and  mineral  kingdoms.  The  kind  of  bodies  arranged  in 
the  two  firft  kingdoms  is  obvious  from  the  terms ; and  all  other  bodies  are  con- 
fidered  as  belonging  to  the  mineral  kingdom. 

Alkalis,  acids,  and  fuch  compounds  as  they  enter  into,  are  diftinguifhed  ge- 
nerally by  the  name  of  falts.  The  leading  character  of  falts  is  a ftrong  tendency 
to  combination,  there  being  no  bodies  in  nature  which  are  not  adted  upon  by 
fome  faline  fubftance.  This  tendency  appears  in  their  eminent  degree  of  folubi- 
lity  in  water.  All  bodies  known  only  by  the  name  of  falts,  are  foluble  in  lefs 
than  two  hundred  times  their  weight  of  boiling  water.  The  fame  caufe  pro- 
duces their  fapidity,  or  tafte,  which  was  regarded  by  the  earlier  chemifts  as  a dif- 
tindlive  character  of  falts. 

Metals  are  fometimes  claffed  with  combuftible  bodies ; and,  ftridtly  fpeaking, 
they  are  combuftible.  But  as  none  of  them  poflefs  this  property  in  fuch  a de- 
gree as  to  burn  away  in  the  common  air,  without  the  co-operation  of  other  in- 
flammable bodies,  which  are  neceffary  to  maintain  their  high  temperature  ; and 
as  they  poflefs  other  remarkable  properties  peculiar  to  themfelves — they  require 
to  be  placed  in  a feparate  clafs. 

For  another  more  ftridt  general  arrangement  of  the  objedls  of  cfiemiftry,  fee 
the  Table  of  Chemical  Nomenclature,  article  Nomenclature,  and  alfo  the  Table 
of  the  Component  Parts  of  Bodies  in  the  Appendix. 

PRINTERS’  INK.  See  Ink. 

PRUSSIAN  BLUE.  See  Blue  Prussian. 

PUDDINGSTONE.  Breccias.  Stones  which  conflft  of  a filiceous  ground 
or  cement  (commonly  petro-filex,  jafper,  or  filiceous  grit)  in  which  pebbles  of  flex 
or  agate  are  interfperfed  ; if  thefe  be  round  or  oval,  they  are  called  pudding- 
ing-ftones  ; if  angular,  breccias.  Of  the  coarfer  forts  mill-ftones  are  often 
made. 

PUFF  BALL.  See  Lycopodium. 

PULVERIZE.  See  Powder. 

PUMICE-STONE.  Pierre  Ponce,  Bimftein.  This  feems  rather  a volcanic 
ejeftion  than  a volcanic  produdt;  its  colour  is  gray,  white,  reddifh-brown, 
or  black ; it  is  hard,  rough  and  porous,  and  confifts  of  flender  fibres  parallel 
to  each  other;  very  light,  for  it  fwims  on  water,  and  difficultly  gives  fire  with 
fteel.  It  is  thought  to  have  originally  been  an  afbeftos  decompofed  by  the 
ailion  of  fire. 

One  hundred  parts  of  it  contain,  according  to  Bergman,  from  fix  to  fifteen 
of  magnefia,  with  a very  fmall  proportion  of  calcareous  earth  ; the  remainder 
filex. 

PURBECK  STONE.  A hard  fand  ftone,  the  cement  of  which  is  calca- 
reous. 

PURIFICATION.  By  purification  is  meant  any  chemical  operation  by 
which  fubftances  required  to  be  obtained  pure  and  fingle,  are  feparated  from 
other  heterogeneous  matters  with  which  they  happen  to  be  mixed. 

As  the  feveral  chemical  agents  and  other  matters  are  generally  more  or  lefs 
confounded,  and  even  combined  with  fubftances  of  different  natures,  and  as  we 
require  in  many  accurate  experiments  that  they  Ihould  be.  very  pure,  we  muft, 
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therefore,  apply  the  proper  methods  to  give  them  the  necefiary  degree  of  pu» 
rity. 

But  thefe  methods  differ  very  much  according  to  the  nature  of  the  fubftance 
to  be  purified.  They  muft  be  appropriated  to  their  peculiar  natures,  and  alfo 
to  the  nature  of  the  fubftances  to  be  feparated.  For  the  feveral  purifications,  we 
are  obliged  to  employ  almoft  all  the  operations  of  chertiiftry.  Hence  many  ope- 
rations are  only  true  purifications,  although  they  are  not  fo  called.  For  inftance, 
all  the  fecond  diftillations  and  fublimations  called  rectifications,  are  nothing  elfe 
than  purifications.  They  are  employed  for  the  purification  of  volatile  fubftances 
from  others  that  are  fixed,  or  lefs  volatile.  In  this  clafs  may  be  ranged  the 
redtificatic^is  of  oils  of  v olatile  fpirits  and  falts,  of  ardent  fpirits,  and  even  of  mi- 
neral acids ; and  the  fublimations  of  fulphur,  of  arfenic,  of  cinnabar,  of  fait  of 
amber,  of  flowers  of  benjamin,  and  of  fal  ammoniac.  See  Rectification  and 
Sublimation.  Alfo  the  repeated  folutions,  filtrations,  evaporations,  and 
cryftallizations  of  neutral  falts  are  only  means  of  purifying  them.  See  Crys- 
tallization. Several  calcinations,  and  particularly  thofe  of  fixed  alkalis,  are 
intended  merely  to  purify  them,  by  depriving  them  of  a greafy  matter  or  fuper- 
abundant  inflammable  principle.  See  Potash.  Many  folutions  and  precipitations 
by  the  humid  way,  particularly  in  the  operations  of  parting,  and  of  luna  cornea,, 
are  performed  for  the  purification  of  the  perfedt  metals  from  their  allay.  Laftly,  the 
repeated  fufions  of  metallic  fubftances,  the  fmeldng  of  ores,  cupellations  and  re- 
fining, are  true  purifications  of  metallic  matters.  Amongft  all  thefe  operations 
but  a very  few  are  called  purifications : luch  as  the  purification  of  fiiver  by  nitre, 
of  gold  by  antimony  ; of  both  which  we  fhall  now  treat. 

PURIFICATION  OF  SILVER  BY  NITRE.  The  fiiver  to  be  purified  by 
nitre  is  to  be  firft  granulated,  and  then  mixed  with  a fourth  part  of  its-  weight  of 
dry  nitre,  an  eighth  part  of  pot-afh,  and  a little  common  glafs,  all  in  powder. 
This  mixture  is  to  be  put  into  a good  crucible,  two-thirds  of  which- only  muft  be 
full.  This  crucible  is  to  be  covered  with  a fmaller  crucible  inverted,  and  luted  to 
the  former,  and  in  the  bottom  of  which  a fmall  hole  has  been. made.  The  cru- 
cibles thus  difpofed  are  to  be  placed  in  a furnace,  capable  of  drawing  air  fuffi- 
ciently  to  make  the  fire  intenfe  enough  only  to  melt  the  fiiver.  Then  charcoal  is- 
to  be  put  into  the  furnace  to  fuch  a height,  that  only  the  top  of  the  inverted  cru- 
cible (hall  be  uncovered.  The  coal  is  then  to  be  kindled,  and  the  veflels  to  be 
made  moderately  red  : a hot  coal  ought  to  be  put  upon  the  fmall  hole  in  the  bottom, 
of  the  inverted  crucible.  If  a fhining  light  be  obferved  round  this  coal,  and  a 
flight  hilling  noife  be  at  the  fame  time  heard,  we  may  know  that  the  operation 
proceeds  well.  The  fire  muft  be  fuftained  at  the  fame  degree  till  thefe  appear- 
ances ceafe  ; when  it  muft  be  increafed  fo  that  the  fiiver  be  well  melted,  and  then 
the  crucibles  are  to  be  taken  out  of  the  furnace.  The  larger  crucible  is  to 
be  broken  when  it  is  cold,  and  the  fiiver  will  be  found  at  the  bottom  covered 
with  a green  alkaline  fcoria.  If  the  metal  be  not  fufficiently  pure  and  ductile,  the 
operation  muft  be  again  repeated. 

This  operation  is  founded  on  a property  which  nitre  has  of  effectually  calcining- 
all  imperfedt  metals;  and  alfo  upon  a property  of  calcined  metals  by  which  they 
cannot  be  united  with  others  in  their  metallic  ftate.  This  being  eftablifhed, 
when  fiiver  allayed  with  copper  or  other  imperfedt  metals  is  to  be  treated  with 
nitre,  this  fait  quickly  calcines  thefe  imperfedt  metals  by  detonating  with  them  ; 
and  they  are  no  fooner  calcined,  than  they  are  rendered  incapable  of  remaining 
united  with  the  fiiver.  Thefe  metallic  calxes  being  alfo  fpecifically  lighter,  rife 
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above  the  filver,  where  they  meet  the  alkalifed  nitre  and  pot-afh,  with  both 
which  they  form  a fcoria.  The  filver  being  capable  of  refilling  the  aftion  of  the 
nitre,  is  thus  difengaged  from  its  allay,  is  fufed,  and  colle&ed  at  the  bottom  of 
the  crucible. 

As  the  purification  of  filver  is  effected  by  the  detonation  of  nitre  with  the  im- 
perfect metals,  and  as  this  detonation  is  always  accompanied  with  fwelling  and  ef- 
fervefcence,  the  crucibles  muft  not  be  too  firmly  clofed,  otherwife  the  effervef- 
cence  might  break  them,  and  fome  of  the  contained  matter  might  be  loll : there- 
fore a fmall  hole  is  left  in  the  upper  crucible,  which  ferves  as  a cover  to  the  other  ; 
befides,  the  empty  fpace  left  in  the  veffels  thus  difpofed,  allows  the  matter  con- 
tained to  fwell  a little  without  lofs. 

This  fmall  hole  is  alfo  very  ufefulto  Ihew  the  proper  degree  of  fire,  during  the 
operation,  as  has  been  faid.  The  light  and  the  hiding  noife  which  may  be  per- 
ceived when  a coal  is  applied,  are  occafioned  by  vital  air  extricated  from  the  nitre, 
by  the  decompofition  of  part  of  its  acid  at  that  violent  heat.  When  thefe  effeCls 
are  too  confiderable,  and  that  a fenfible  hiding  may  be  heard  at  the  fmall  hole, 
even  when  a hot  coal  is  not  applied  to  it,  we  may  know  that  the  detonation  is  too 
violent.  In  that  cafe  the  fire  muft  be  leffened,  otherwife  much  of  the  nitre  would 
fublime  or  be  driven  off,  and  together  with  it  fome  part  of  the  filver  would  be 
walled.  And  even  notwithllanding  all  the  precautions  that  can  be  ufed,  this 
operation  can  fcarcely  be  performed  without  fome  lofs  of  the  filver.  'Small  grains 
of  filver  are  always  to  be  feen  in  the  upper  crucible,  and  about  the  fmall  hole  in 
it.  This  inconvenience  prevents  the  operation  from  being  employed  to  determine 
the  value  of  the  filver,  for  which  purpofe  cupellation  is  therefore  ufed.  See  Sil- 
ver, Nitre,  and  Detonation-  of  Nitre. 

PURIFICATION  OF  GOLD  BY  ANTIMONY.  To  purify  gold  from 
its  allays,  by  antimony,  the  gold  is  to  be  melted  in  a crucible  large  enough  to 
contain  thrice  the  quantity  of  metal.  When  the  gold  is  melted,  twice  its  weight 
of  crude  antimony  powdered  is  to  be  thrown  upon  it ; the  crucible  is  to  be 
covered,  and  the  matter  left  fome  minutes  in  fufion  : after  which,  when  the  mix- 
ture is  well  fufed,  and  fo  hot  that  its  furface  fparkles,  it  is  quickly  to  be  poured 
into  an  iron  cone  previoufly  heated  and  greafed.  By  finking  the  cone  againfl  the 
ground,  thedefeent  of  the  regulus  will  be  affifled  ; and  when  the  cone  is  cold,  it 
is  to  be  inverted,  and  the  matter  taken  out.  This  matter  confifts  of  two  fub- 
flances ; the  upper  one  of  which  is  compofed  of  the  fulphur  of  the  antimony  united 
with  the  metals  with  which  the  gold  was  allayed,  and  the  lower  is  the  gold  united 
with  a quantity  of  the  regulus-  of  antimony  proportionable  to  the  quantity  of  - 
metals  which  have  been  feparated  from  the  gold,  and  which  are  now  united  with 
the  fulphur  of  the  antimony.  This  regulus  of  gold  may  be  feparated  from 
the  fulphurated  metals  which  cover  it,  and  will  be  found  to  be  fo  much  lefs 
yellow,  that  is,  mixed  with  fo  much  more  regulus  of  antimony,  as  the  gold 
was  more  allayed. 

As  a fingle  fufion  is  not  generally  fufficient  to  difengage  the  gold  from  all  its 
allay,  it  ought  to  be  fufed  again  in  the  fame  manner,  and  with  the  fame  quan- 
tity of  antimony,  and  even  a third  time,  if  the  gold  was  much  allayed.  It  is  fu- 
mble with  lefs  fire  the  fecond  and  third  time  than  the  firft,  from  the  regulus  of 
antimony  which  is  united  with  it.  ■ 

This  fiift  part  of  the  purification  of  gold  by  antimony  is  founded  on  a pfo- 
peity  of  fulphur,  by  which  it  is  incapable  of  uniting  with  gold,  and  is  Rrongly 
difpofed  tp  unite  with  all  other  metallic  fubflances,  excepting  platina  and  zinc; 
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and  alfo  upon  this  property  of  fulphur,  that  it  has  Iefs  affinity  with  regulus  cf 
antimony  than  with  any  metallic  fubftance  with  which  it  can  unite.  Hence, 
when  gold  allayed  with  filver,  copper,  iron,  lead,  &c.  is  fufed  together  with  crude 
antimony,  thefe  latter  metals  unite  with  the  fulphur  of  the  antimony,  while  the 
reguline  part,  difengaged  by  them  from  its  fulphur,  unites  with  the  gold.  The 
reparation  of  metals  from  gold  is  then  really  occafioned  by  the  fulphur  of  the 
antimony.  This  purification  of  gold  is  consequently  a kind  of  dry  parting,  but  4 
it  fucceeds  better  than  the  dry  parting  by  fulphur  alone.  The  reafon  of  this 
difference  is,  that  fulphur  being  very  volatile  and  inflammable  is  in  great  mea- 
fure  diffipated  and  confumed,  when  it  is  employed  alone,  before  it  can  feize  the 
metals  allayed  with  the  gold  ; whereas,  when  it  is  already  united  with  a metallic 
fubftance,  as  it  is  in  the  antimony  with  the  reguline  part,  which  prevents  it  from 
being  quickly  confumed  and  diffipated,  it  may  be  much  more  eafily  applied  t® 
the  metallic  fubftances  allayed  with  gold.  Notwithftanding  this  advantage,  as  a 
quantity  of  regulus  of  antimony  is  always  united  with  the  gold,  proportionable 
to  the  quantity  of  metallic  fubftances  feparated  by  means  of  the  fulphur  of  the  an- 
timony ; and  as  the  feparation  of  this  regulus  from  the  gold  requires  much  time;, 
therefore,  when  we  would  purify  gold  that  is  much  allayed,  fuppofe  under  fixteen 
carats,  we  ought  to  add  along  with  the  antimony  fome  pure  fulphur,  that  we  may 
have  a lefs  quantity  of  regulus  to  feparate  afterwards  from  the  gold. 

When  thefe  firft  fufions  have  been  well  made,  the  gold  obtained  is  allayed  with 
only  regulus  of  antimony.  But  as  this  femi-metal  is  very  volatile  and  very  cpm- 
buftible,  it  may  be  feparated  from  the  gold  by  a fufficiently  long  expofure  to  the 
adtion  of  fire.  For  this  purpofe  the  regulus  of  gold  obtained  by  the  former 
operation  is  to  be  put  into  a large  crucible,  and  heated  fufficiently  to  keep  it  in 
good  fiifion.  With  this  heat,  the  antimony  will  be  diffipated  into  fmoke.  If  the 
heat  be  too  ftrong,  fome  of  the  gold  will  be  carried  off  with  the  antimony.  The 
operation  therefore  muff  be  performed  flowly;  and  it  continues  a long  time  when 
much  of  the  regulus  of  antimony  is  united  with  the  gold  ; but  it  may  be  abridged 
by  blowing  on  the  furface  of  the  metallic  mafs,  which  greatly  affifts  in  the  calci- 
nation and  evaporation  of  all  bodies,  and  particularly  that  ot  the  regulus  of  an- 
timony. When  a part  of  the  regulus  is  diffipated,  more  heat  is  required  to  keep 
the  metal  fufed,  and  therefore  the  fire  muft  be  increafed  towards  the  end  of  the 
operation  : befides,  when  only  a fmall  quantity  of  regulus  of  antimony  remains, 
it  is  fo  covered  by  the  gold,  and  protected  from  the  adtion  ,of  the  fire  and  air,  that 
a flronger  heat  is  neceffary  to  evaporate  it.  The  fmoke  ceafes  entirely  towards 
the  end  of  the  operation,  although  fome  regulus.  flail  remains  united  with  the 
gold.  The  purification  is  completed  by  means  of  a little  nitre  thrown  into 
the  crucible,  which  effectually  calcines  the  remaining  regulus  of  antimony. 
Sometimes,  after  thefe  operations,  the  gold  is  found  to  be  deprived  of  much  of 
its  ufual  dudtility,  which  however  is  eafily  reftored  to  it  by  fufing  it  with  nitre 
and  borax. 

The  ancient  chemifts  called*antimony  the  balneum  regis,  or  the  balneum  fobs, 
and  the  lupus  metallorum,  from  this  property  which  it  pofl'effes  of  purifying  gold. 
The  fulphur  of  this  mineral  does,  indeed,  feize  almoft  all  the  metals  with  which 
gold  can  be  allayed  ; but  thefe  metals  are  not  deftroyed,  but  only  reduced  to  a 
fort  of  mineral  ftate  by  the  fulphur,  forming  the  fcoria,  from  which  they  may  be 
obtained.  Therefore,  when  the  gold  contained  much  allay  of  filver,  the  fcoria  is 
very  valuable,  fince  it  contains  all  the  lilver  which  was  united  with  the  gold. 


PUR 


( 725  ) 


PUR 


This  fcoria  ought  to  be  preferved  and  treated  like  an  ore  of  filver,  and  thus  the 
metal  extracted  from  it.  See  Parting. 

PURPLE  DYE.  By  the  mixture  of  red  and  blue,  we  obtain  violet,  purple, 
dove  colour,  panfey,  amaranth,  lilac,  mauve,  and  a great  number  of  other 
fhade-s,  determined  by  the  nature  of  the  fubftances  the  red  colour  of  which  is 
combined  with  the  blue,  by  the  proportion  of  thefe  fubftances,  and  the  different 
fteps  of  the  procefs. 

According  to  Hellot’s  obfervations,  fluff  which  has  been  dyed  fcarlet,  takes 
an  unequal  colour  when  blue  is  to  be  united  with  it.  The  blue  is  therefore 
given  firft,  which  even  for  violet  and  purple  ought  not  to  be  deeper  than  the. 
fhade  diftinguilhed  by  the  name  of  fky-blue : a boiling  is  given  with  alum 
mixed  with  two-fifths  of  tartar,  the  fluff  is  then  dipped  in  a bath  compofed  of 
nearly  two  thirds  as  much  cochineal  as  for  fcarlet,  to  which  tartar  is  always 
added.  The  circumftance  which  diftinguifhes  the  procefs  for  purple  from  that 
for  violet.,  is,  that  for  the  former,  a lighter  blue  ground  is  given,  and  a larger 
proportion  of  cochineal  is  employed.  Thefe  colours  are  frequently  dyed  after 
the  reddening  for  fcarlet,  fuch  quantities  of  cochineal  and  tartar  being  added  as 
are  thought  neceffary.  The  operation  is  conducted  in  the  fame  manner  as  for 
fcarlet. 

Lilacs,  pigeons-necks,  mauves,  &c.  are  commonly  dipped  in  the  boiling 
which  has  ferved  for  violet,  after  alum  and  tartar  have  been  added  to  it;  the 
blue  ground  having  been  proportioned  to  the  fhade  required:  the  quantity  of 
cochineal  is  alfo  adjufted  in  a fimilar  manner:  a little  folution  of  tin  is  added 
for  fome  reddilh  fhades,  fuch  as  peach  bloffom.  It  muft  be  obferved,  that 
though  the  quantity  of  cochineal  is  diminifhed  according  to  the  lightnefs  of  the 
fhade  required,  the  quantity  of  tartar  is  not  leffened,  fo  that  the  proportion  of 
it  compared  with  that  of  the  cochineal  is  fo  much  the  greater,  as  the  colour  re- 
quired is  lighter. 

Mr.  Poerner  is  of  opinion,  that  to  obtain  the  colours  compofed  of  red  and 
blue,  it  is  advantageous  to  employ  the  folution  of  indigo  in  fulphuric  acid,, 
becaufe  a greater  variety  of  fhades  is  thus  more  eafily  procured,  and  the  procefs 
is  fhorter  and  lefs  expenfive.  The  colours  obtained  in  this  way  are  indeed  much, 
lefs  durable  than  when  the  blue  vat  is  employed;  but  Mr.  Poerner  afferts,  that, 
they  poffefs  durability,  when  folution  of  indigo  to  which  alkali  has  been  added 
is  employed. 

He  prepares  a pound  of  cloth  with  three  ounces  of  alum,  by  boiling  it  for. 
an  hour  and  an  half,  and  leaving  it  a night  in  the  liquor  after  it  is  cold.  He 
makes  the  bath  with  an  ounce  and  an  half  of  cochineal,  and  two  ounces  of  tar- 
tar, boiling  it  for  three-quarters  of  an  hour;  and  then  adding  two  ounces  and  a 
half  of  folution  of  indigo,  he  ftirs  it,  and  makes  it  boil  gently  for  a quarter  of 
an  hour:  he  thus  obtains  a very  beautiful  violet. 

For  the  different  fhades  which  refult  from  the  mixture  of  red  and  blue,  ac- 
cording as  one  or  other  of  the  colours  prevails,  he  increafes  or  diminifhes  the 
proportion  of  the  folution  of  indigo;  he  increafes  it  as  far  as  fiye  ounces,  and 
diminithes  it  to  five  drams  for  each  pound  of  doth  : he  alfo  reduces  the  quan- 
tity of  cochineal,  but  never  below  an  ounce,  becaufe  the  colour  would  become 
too  dull:  he  changes  the  proportion  of  tartar,  and  finally,  he  varies  the  prepara- 
tion given  to  the  cloth,  by  the  addition  of  tartar  or  folution  of  tin  in.  different 
quantities. 
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In  filk,  two  kinds  of  violets  are  diftinguifhed,  the  fine,  and  the  falfe:  the  laft 
is  made  either  with  archil,  or  brazil-wood. 

For  fine  violet  the  fluff  is  firfl  paffed  through  cochineal,  and  afterwards  dipped 
in  the  vat;  the  filk  is  prepared  and  dyed  in  the  cochineal  in  the  fame  manner  as 
for  crimfon,  except  that  neither  tartar  norfolution  of  tin,  which  ferve  to  heighten 
the  colour,  are  employed.  More  or  lefs  cochineal  is  ufed,  according  to 
the  intenfity  of  the  fhade  required.  The  common  proportion  for  a fine  violet, 
is  two  ounces  for.each  pound  of  filk.  When  the  filk  is  dyed,  it  is  wafhed  at 
the  river  and  beetled  twice,  then  dipped  in  a vat  of  greater  or  lefs  flrength,  ac- 
cording to  the  depth  we  wifh  to  give  the  violet;  laflly,  it  is  wafhed  and  dried 
with  the  precautions  which  are  proper  for  all  colours  dyed  in  the  vat.  To  give 
greater  flrength  and  beauty  to  the  violet,  it  is  commonly  paffed  through  the 
archil  bath  j and  this  cuftora,  which  is  frequently  abufed,  is  indifpenfable  for  the 
light  fhades,  the  colour  of  which  would  otherwife  be  too  dull. 

When  the  filk  has  been  dyed  with  cochineal  as  above  diredled,  a very  light 
blue  fhade  muff  be  given  to  it  for  purple ; only  the  deeped  fhades  are  dipped  in 
a weak  vat;  fuch  as  are  .lefs  deep  are  only  dipped  in  cold  water,  into  which  a 
little  of  the  liquor  of  the  vat  has  been  put,  becaufe  they  would  take  too  much 
blue  in  the  vat  itfelf,  though  ever  fo  weak.  The  light  fhades  of  this  colour,  fuch 
as  gilly-ilower,  gridelin,  and  peach- bloffom,  are  made  in  this  way,  by  diminifh- 
ing  the  proportion  of  cochineal. 

The  falfe  violets  in  filk  are  produced  in  many  different  ways  ; thofe  which  are 
moil  beautiful,  and  rnoft  in  ufe,  are  prepared  with  archil.  The  flrength  of  the 
archil  bath  is  adapted  to  the  colour  we  wifh  to  obtain;  the  filk  is  turned  in  it  on 
the  fkein-fticks,  after  having  been  beetled  at  the  river  after  fcouring  : when  the 
colour  is  thought  to  be  fufficiently  deep,  a pattern  is  tried  in  the  vat,  to  fee 
whether  it  takes  the  violet  we  wifh  for.  If  the  fhade  is  found  to  be  of  the  pro- 
per depth,  the  filk  is  beetled  at  the  river  and  dipped  in  the  vat  as  for  the  fine 
violets;  lefs  of  the  blue,  or  lels  of  the  archil  colour  are  given,  according  as  we 
mean  that  the  violet  fhould  incline  to  red  or  blue. 

According  to  Mr.  Guhliche,  beautiful  violets  may  be  produced  in  filk  by  means 
of  the  folution  of  indigo;  but  they  poffefs  little  durability,  and  become  reddifh, 
becaufe  the  colour  of  the  indigo  fades  firfl. 

A pound  of  filk  is  foaked  in  a bath  compofed  of  two  ounces  of  alum  and  two 
ounces  of  folution  of  tin,  after  being  decanted  from  the  fediment  formed  in  the 
mixture.  The  dye  bath  is  prepared  with  two  ounces  of  cochineal  (reduced  to 
powder  with  a dram  of  tartar)  and  the  remainder  of  the  bath  which  has  ferved 
as  mordant,  with  the  addition  of  a fufficient  quantity  of  water;  after  a 
flight  boiling,  fuch  a quantity  of  folution  of  indigo  is  added,  as  gives  the  bath 
a proper  fhade  of  violet;  the  filk  is  then  immerfed,  and  boiled  until  it  has  ac- 
quired the  proper  fhade,  when  it  is  wrung,  wafhed  in  a ftream,  and  dried  in  the 
fhade,  like  all  delicate  colours.  The  bath  is  exhaufted  by  the  light  fhades. 

A violet  is  given  to  filk,  by  dipping  it  in  water  with  which  verdegris  has  been 
mixed,  inflead  of  aluming  it,  and  then  giving  it  a bath  of  logwood,  when  it  af- 
fumes  a blue  colour,  which  is  changed  to  violet,  either  by  adding  alum  to  the  bath, 
or  by  dipping  it  in  a weaker  or  flronger  folution  of  alum,  which  gives  the  particles 
of  logwood  a red  colour.  It  is  unneceffary  to  obferve,  that  this  violet  is  of  a very 
fading  nature,  and  only  a moderate  degree  of  beauty.  One  poffeffing  much 
greater  beauty,  and  to  which  a confiderable  degree  of  intenfity  may  be  added, 
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is  made  by  dipping  the  alumed  filk  in  a bath  of  brazil-wood,  and  again,  after 
it  has  been  walhed  at  the  river,  in  a bath  of  archil.  Madder  is  alfo  employed  in 
dyeing  cloth,  after  it  has  had  a blue  ground,*  couleur  de  roi,  minime,  and  obfcure 
amaranth,  are  thus  obtained  ; galls  are  commonly  added  to  the  madder,  and  for 
the  light  (hades,  brazil-wood;  for  the  deep  (hades,  more  or  lefs  browning  is 
given,  with  a folution  of  vitriol  of  iron*  Thefe  colours  are  rendered  more 
beautiful  by  the  addition  of  kermes,  or  more  efpecially  of  cochineal. 

By  employing  folution  of  indigo  with  madder,  in  the  fame  way  as  with 
cochineal,  we  may,  according  to  Mr.  Poerner,  obtain  brown  colours  inclining 
the  more  to  red,,  the  lefs  folution  of  indigo  we-employ;  alunvand  tartar  may 
ferve  for  the  preparation,  but  alum  mud  not  be  put  into  the  bath* 

Mr.  Poerner  employs  brazil-wood  and  folution  of  indigo,  to  obtain  different 
colours,  which  incline  more  or  lefs  to  blue  and  red,  by  a procefs  fimilar  to  that 
pointed  out  for  cochineal  and  madder.  Thefe  are  beautiful,  but- durability  can- 
not be  expefted  in  colours  obtained  by  fuch  means.  The  fubftances  which 
render  them  mod  fixed,  are  vitriolated  lime,  vitriol  of  zinc,  or  white  vitriol, 
and  acetite  of.  copper,  or  crydallized  verdegris,  which  mud  be  added  to  the 
bath. 

Logwood  is  alfo  employed  to  make  floe,  damafcene,  purple  and  other  (hades. 
This  wood,  with  the  addition  of  galls,  very  eafily  communicates  all  thefe  co- 
lours to  wool  previoufly  dyed ' blue.  When  we  wi(h  to  brown  them,  a little 
vitriol  of  iron  is  employed,  and  by  this  means  we  produce  (had e$,  which  are 
much  more  difficultly  obtained  from  durable  ingredients,  but  they  poffefs  little 
dability  : durable  colours  which . have  been  highly  edeemed,  have  however 
been  obtained  from  brazil  and  logwood.  Eerthollet,  from  whofe  art  of  dying 
the  prefent  article  is  extracted,  was  indebted  to  Mr.  Decroizille,  for  the  fol- 
lowing particulars  of  the  procefs  employed,  which  he  gives  in  the  words  of  the 
author. 

M.  Giros  de  Gentilly  is  the  firft'who  fucceeded  in  France,  in  obtaining  a du- 
rable dye  from  violet-wood  fixed  by  folution  of  tin.  His  firft  effays  were  made 
at  LouvierSj  with  Melds.  Petou,  nephew,  and  Frigard,  about  twelve  years 
ago.  From  what  he  had  differed  to  tranfpire  refpedting  the  fubftances  which 
compofed  his  mordant-,  I fucceeded  in  imitating  him  tolerably  well.  I made  a 
folution  of  tin  in  fulphuric  acid,  to  which  I then  added  muriat.  of  foda,  red 
acidulous  tartrite  of  potafh,  and  fulphat  of  copper.  My  fuccefs  was  fo  great  as 
to  induce  M.  Giros  to  offer  me  a partnerfhip  in  the  very  lucrative  trade  in  this 
article,  which  he  carried  on  at  Louviers,  Elboeufy  Abbeville,  Sedan,  and  the 
Pays  de  Liege.  M.  Giros  then  taught  me  a much  more  convenient  mode  of 
forming  this  compound;  it  confifts  in  making  a folution  of  tin  in  a mixture  of 
fulphuric  acid,  muriat  of  foda,  and  water;  to  this  folution,  the  tartrite  and 
fulphat  . are  added,  in  the  form  of  powder. . Of  this  mordant  we  made  no  lefs 
than  fifteen  hundred  quarts  in  twenty-four  hours,  in  a (ingle  leaden  veffel  mo- 
derately heated.  We  carried  on  a very  profitable  trade  in  this  article  at  the  rate 
of  thirty  fols  (fifteen  pence  Englifh)  per  pound  for  three  years,  fince  which  time 
it  constantly  declined,  until  we  loft  it  altogether;  the  reafon  of  which  was  this : 
M.  Giros  having  fuffered  his  fecret  to  tranfpire,  we  had  a number  of  imitators, 
who  at  firft  fucceeded  in  a lefs  degree,  but  afterwards  better  than  ourfelves.  In 
a compound  confiding  of  fo  many  ingredients  as  this,  in  an  operation  which  is 
dill  fo  obfcure  as  that  whereby  colours  are  fixed,  it  is  almoft  impoffible  to  arrive 
at  perfetftion  by  any  other  means  than  random  trials,  which  may  be  infinitely 
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varied  by  the  different  proportions,  and  more  efpecially  by  the  modus  agendi, 
and  to  a much  greater  extent,  than  chemifts  who  had  beftowed  lefs  time  on  this 
fubjeift  than  I have  done,  would  fuppofe.  I am  therefore  not  afliamed  to  confefs, 
that  I was  forced  to  abandon  the  bufinefs,  while  I faw,  and  (till  fee,  thofe  who 
are  no  chemifts  deriving  a very  comfortable  profit  from  it.  What  determined 
me  to  abandon  it  altogether,  was  the  invention  of  the  new  procefs  for  bleaching 
linen,  to  the  improvement  of  which  I have  almoft:  entirely  devoted  myfelf. 

Having  given  you  the  hiftory  of  the  mordant  for  the  prune  de  Monfieur,  I 
fhall  mention  the  mode  of  employing  it,  and  its  effefts. 

If  it  is  wool  in  the  fleece  which  is  to  be  dyed,  one-third  of  its  weight  of  mor- 
dant is  required  ; if  it  is  a fluff,  only  one-fifth  is  neceffary.  A bath  is  prepared 
of  a degree  of  heat  which  the  hand  can  bear,  with  which  the  mordant  is  well 
mixed,  and  the  wool  or  fluff  dipped  in  it  and  properly  ftirred,  the  fame  degree 
of  heat  being  kept  up  for  two  hours,  and  even  increafed  a little  at  laft;  it  is 
then  taken  out,  aired,  and  very  well  wafhed:  a frefh  bath  of  pure  water  at  the 
fame  heat  is  prepared,  a fufficient  quantity  of  the  decoftion  of  violet  wood  is 
added;  the  fluff  immerfed,  ftirred,  and  the  fire  increafed  to  a boiling  heat, 
which  is  continued  for  a quarter  of  an  hour:  the  fluff  being  then  taken  out, 
aired,  and  carefully  rinfed,  the  dyeing  is  finifhed,  If  the  decoftion  of  one  pound 
of  violet  wood  of  Campeachy  has  been  employed  for  three  pounds  of  wool,  and 
a proportionate  quantity  for  fluffs,  which  require  lefs,  a fine  violet  is  produced, 
to  which  a fufficient  quantity  of  brazil-wood  gives  the  Ihade  commonly  known 
by  the  name  of  prune  de  Monfieur. 

The  colouring  fubftances  which  are  capable  of  being  advantageoufly  fixed  on 
wool  by  this  mordant,  are  thofe  of  violet  and  red  logwood  (logwood  and  brazil), 
and  fuftic  (bois  de  fuftet).  Bois  jaune  (morus  tindtoria)  alfo  affords  tolerable 
colours.  The  colour  which  is  thus  given  by  violet  and  red  wood  is  liable  to  be 
changed  in  the  fulling,  by  means  of  the  foap  or  the  urine  employed  ; and  this 
change,  which  is  always  produced  by  alkaline  fubftances,  is  remedied  by  a bath 
very  flightly  acid,  and  a little  hot,  called  brightening,  for  which  the  fulphuric  acid 
is  preferred.  The  colour  comes  out  as  deep  and  oftener  brighter  than  before  the 
change.  Wools  dyed  by  means  of  this  mordant,  admit  of  being  fpun  into  a 
more  beautiful  and  finer  thread  than  when  alum  has  been  employed.  By  leaving 
out  the  fulphat  of  copper,  more  beautiful  colours  are  obtained  from  fuftic  and 
yellow  wood,  as  well  as  from  weld.  Madder  gives  an  orange-red  colour,  but 
lefs  deep  than  with  an  equal  quantity  of  alum;  the  omiffion  of  the  fulphat  of 
copper  renders  the  wool  much  more  harfh,  and  befides,  the  mordant  thus  pre- 
pared gives  but  indifferent  colours  with  violet,  and  more  efpecially  with  red 
wood.  One  of  the  great  defefts  of  this  mordant  before  it  was  improved,  was, 
and  frequently  ftill  is,  to  render  the  colours  uneven;  whenever  they  are” uniform, 
they  turn  out  always  very  beautiful,  harm  lefs,  and  foft.  This  procefs  fucceeds 
equally  well  on  fiik.  By  fubftituting  acetite  of  lead  for  fulphat  of  copper,  it 
fucceeds  tolerably  well  in  cotton  and  thread  previoufly  galled.  The  employment 
and  conveyance  of  this  mordant  are  inconvenient,  on  account  of  the  heavy  fedi- 
ment  which  half  fills  the  yeffel,  under  a corrofive  liquor  which  can  only  be  kept  in 
ftone-ware.  I have,  however,  found  a remedy  for  thefe  inconveniences,  by 
omitting  the  water  in  the  receipt,  by  which  means  I have  only  a kind  of  pafte, 
the  ufe  of  which  is  more  convenient,  and  the  carriage  two-fifths  cheaper.  Now 
that  common  fait  is  cheap  (in  France),  1 may  poffibly  return  to  the  employment  of 
furni.fhing  our  dyers  with  this  mordant,  of  a better  quality,  in  my  opinion,  than 
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that  with  which  they  are  fupplied,  and  more  efpecially  at  a much  cheaper  rate; 
but  I muft  firft  devote  fome  more  time  to  the  compofition  and  employment  of 
your  lixivium. 

Here  ends  the  account  of  Mr.  Decroizille. 

The  moft  common  method  of  dyeing  thread  and  cotton,  violet,  is  firft  to  give 
them  a blue  ground  in  the  vat,  proportionate  to  the  (hade  we  want,  and  to  dry 
them;  they  are  then  galled,  in  the  proportion  of  three  ounces  of  galls  to  a 
pound  : they  are  left  for  twelve  or  fifteen  hours  in  this  gall  bath,  after  which 
they  are  wrung  and  dried  again.  The  thread  and  cotton  are  then  palled  through 
a deco&ion  of  logwood,  and  when  well  foaked  are  taken  out,  and  two  drams  of 
alum,  and  one  dram  of  diffolved  verdegris  for  each  pound  of  thread  and  cotton, 
are  added  to  the  bath ; the  fkeins  are  then  re-dipped  on  the  fkein-fticks,  and 
turned  for  a full  quarter  of  an  hour,  when  they  are  taken  out  to  be  aired; 
after  which  they  are  again  completely  immerfed  in  the  bath  for  a quarter  of  an 
hour,  then  taken  out  and  wrung.  Laftly,  the  vat  which  has  been  employed 
is  emptied ; half  of  the  deco&ion  of  logwood  which  had  been  referved  is  poured 
in,  two  drams  of  alum  are  added,  and  the  thread  dipped  afrefh,  until  it  is 
brought  to  the  Ihade  required.  The  decoftion  of  logwood  ought  to  be  ftronger 
or  weaker  according  to  the  Ihade  we  want:  this  violet  ftands  the  adtion  of  the 
air  tolerably  well,  but  cannot  be  compared  in  durability  to  that  obtained  by 
means  of  madder,  for  which  fee  that  article. 

In  the  production  of  violet  by  cochineal,  it  may  be  obferved,  that  the  woollen 
fluff  has  been  difpofed  to  take  a crimfon,  by  the  bath,  which  contains  alum ; but 
the  tartar  added  to  the  dye  bath  brings  the  colour  back  to  red ; this  is  a general 
property  of  all  acids. 

For  purple,  the  red  is  rendered  a little  more  predominant,  by  increafing  the 
quantity  of  the  cochineal,  and  diminifhing  the  intenfity  of  the  blue  ground. 

The  (hades  bordering  on  thefe  two  colours  (hould  have  a more  diftindl  red, 
and  the  fame  proportion  of  tartar  is  preferved,  though  that  of  cochineal  and 
the  depth  of  the  blue  ground  are  diminifhed. 

For  filk,  the  tartar  is  omitted  : it  naturally  acquires  from  cochineal  a colour, 
to  which  it  is  only  neceffary  to  add  a flight  blue  (hade  to  produce  purple ; a 
deeper  blue  (hade  gives  a violet  colour;  but  to  increafe  the  fulnefs  of  the  violet 
and  give  it  brightnefs,  archil  muft  be  employed. 

When  the  folution  of  indigo  in  fulphuric  acid  is  ufed,  the  fulphuric  acid  adts 
in  different  ways  on  the  red  fubftance  employed  ; it  produces  little  change  in  the 
colour  of  cochineal,  already  difpofed  to  a crimfon  tinge  by  the  aluming ; but  it 
fhould  give  a fawn  colour  tcf  madder,  upon  which  acids  readily  produce  this 
effedl ; and  it  does  notfeern  probable,  that  that  fubftance  could  be  employed  with 
advantage  in  this  procefs ; it  is  better  to  employ  it  in  dyeing  (luff  which  has 
already  received  a blue  ground.  Brazil  and  logwood  too  feem  ill  adapted  to 
produce  fine  colours  with  the  fulphuric  folution  of  indigo,  becau'fe  acids  alfo 
change  them  yellow,  though  in  a lefs  diftindt  degree;  but  they  retain  their  red 
colour,  as  already  obferved,  when  their  colouring  particles  are  precipitated  by 
calx  of  tin. 

Berthollet  offers  the  following  explanation  of  the  procefs  of  M.  Decroizille,, 
after  expreffmg  his  diffidence  to  hazard  an  opinion  unfupported  by  diredl  expe- 
riment, on  fo  complicated  a procefs. 

The  fea  fait  is  decompofed  by  the  fulphuric  acid,  and  the  muriatic  acid  thus 
let  at  liberty  diffolves  the  tin ; a part  of  the  tin  is  precipitated  by  the  acid  of 
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tartar,  producing  the  fediment  which  has  been  noticed.  The  calx  of  copper 
forms  the  blue  with  the  colouring  particles  of  the  logwood  ; the  calx  of  tin  pro- 
duces violet  with  the  fame  wood,  and  red  with  the  colouring  particles  of  the 
brazil-wood. 

As  the  liquor  retains  an  excefs  of  acid,  it  might  perhaps  be  ufeful  to  fubftitute 
cryftals  of  verdegris  to  the  vitriol  of  copper,  becaufe  then  the  free  acid  would  have 
lefs  activity  ; perhaps  it  might  be  ftill  better  to  employ  mere  verdegris,  becaufe  that 
part  of  the  calx  of  copper  which  is  uncombined  in  it,  would  unite  with  the  excefs  of 
acid,  by  which  means  lefs  acid  would  remain  in  the  liquor ; perhaps  the  quantity  of 
tartar  fhould  be  diminilhed,  becaufe  lefs  of  the  tin  would  th«n  be  precipitated. 

PUTREFACTION.  Every  living  body,  when  once  deprivedof  life,  per- 
forms a retrograde  procefs,  and  becomes  decompofed.  This  decompofition  is 
called  fermentation  in  vegetables,  and  putrefaction  in  animal  fubftances.  The 
fame  caufes,  the  fame  agents,  and  the  fame  circumflances,  determine  and  favour 
the  decompofition  of  vegetables  and  animals,  and  the  difference  of  the  productions, 
which  are  obtained  arifes  from  the  difference  of  the  conftituent  parts  of  each  *. 

Air  is  the  principal  agent  of  animal  decompofition,  but  water  and  heat  pro- 
digioufly  facilitate  its  aCtion.  “ Fermentatio  ergo  definitur  quod  fit  corporis 
denfioris  rarefaCtio,  particularumque  aerearum  interpofitio : ex  quo  concluditur 
debere  in  aere  fieri  nec  nimium  frigido,  ne  rarefaCtio  impediatur ; nec  nimium 
calido,  ne  partes  raribiles  expellantur.”  Becher,  Phyf.  Sub.  lib.  i.  f.  5.  p.  313. 
edit.  Francofurti. 

An  animal  fubftance  may  be  preferved  from  putrefaction  by  depriving  it  of 
the  contaCt  of  the  air  ; and  this  procefs  may  be  accelerated  or  retarded  by  vary- 
ing or  modifying  the  purity  of  the  fame  fluid. 

In  thofe  circumflances  wherein  we  fee  putrefaction  developed  without  the  con- 
tact of  atmofpherical  air,  the  effeCt  is  produced  by  the  water  which  impregnates 
the  animal  fubftance,  becomes  decompofed,  and  affords  the  element  and  the 
agent  of  putrefaction.  Hence  no  doubt  it  arifes  that  putrefaction  is  obferved  in, 
flelh  clofed  in  a vacuum.  See  Lyons,  Tentamen  de  PutrefaCtione. 

Moifture  is  likewife  an  indifpenfable  requifite  to  facilitate  putrefaction ; and 
any  fubftance  may  be  defended  from  this  change  by  completely  drying  it.  This 
was  performed  by  Villaris  and  Cazalet  of  Bourdeaux,  by  means  of  ftoves.  The 
meat  thus  prepared  was  preferved  for  feveral  years  without  having  contracted 
any  bad  flavour.  The  fands  and  light  porous  earths  preferve  the  bodies  of 
men  only  by  virtue  of  the  property  of  exhaufting  their  juices,  and  drying  the 
folids.  From  this  caufe  it  is  that  entire  caravans  have  been  difcovered  in  Arabia, 
confiding  of  men  and  camels  perfectly  preferved  in  the  fands  under  which  the 
impetuous  winds  have  buried  them.  In  the  library  of  Trinity  College  Cam- 
bridge, in  England,  a human  body  may  be  feen  perfectly  preferved,  which  was 
found  under  the  fand  in  the  ifland  of  Teneriffe.  Too  much  humidity  impedes 
putrefaction,  according  to  the  obfervation  of  the  celebrated  Becher:  “ Nimia 
quoque  humiditas  a putrefaCtione  imped  it,  prout  nimius  calor  j nam  corpora  ia 
aqua  potius  gradatim  confumi  quam  putrefcere,  fi  nova  Temper  aflluens  fit,  ex- 
perientia  docet : unde  longo  tempore  Integra  interdum  fubmerfa  prorfus  a putre- 
faCtione immunia  vidimus;  adeo  ut  nobis  aliquando  lpeculatio  oecurreret,  trac- 
tandotali  modo  cadavera  anatomize  fubjicienda,  quo  diutius  a foetore  et  putrefac- 
tione  immunia  forent.”  Phyf.  Sub.  lib.  i.  f.  5.  cap.  1.  p.  277. 
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In  order,  therefore,  that  a body  may  putrefy,  it  is  neceflary  that  it  fhould  be 
impregnated  with  water,  but  not  that  it  Ihould  be  inundated.  It  is  likewife  ne- 
ceflary  that  this  water  Ihould  remain  in  the  texture  of  the  animal  body,  without 
being  renewed.  This  condition  is  requifite,  ill,  To  diflblve  the  lymph,  and  to 
prefent  to  the  air  the  molt  putrefcible  fubftance  with  the  greateft  extent  of  fur- 
face.  2d,  In  order  that  the  water  may  itfelf  become  decompofed,  and  by  this 
means  afford  the  putrefactive  principle.  Putrefaction  is  retarded  and  fufpended 
by  baking,  becaufe  the  flelh  is  dried,  and  by  that  means  deprived  of  the  hu- 
midity, which  is  one  of  the  mod;  aCtive  principles  of  its  decompofition. 

A moderate  degree  of  heat  is  likewife  a condition  favourable  to  the  animal  de- 
compofition. By  this  heat  the  affinity  of  aggregation  between  the  parts  is 
weakened,  and  confequently  they  aflume  a flronger  tendency  to  new  combina- 
tions. Hence  it  arifes  that  flelh  meat  keeps  longer  during  the  winter  than  the 
fummer,  and  better  in  cold  than  in  hot  countries.  Becher  has  given  a very  in- 
telligent fketch  of  the  influence  of  temperature  on  animal  putrefaClion  : “ Aer 
caliduset  humidus]maxime  ad  putrefaClionem  facit  ......  corpora  frigida  et 

ficca  difficulter,  imoaliqua  prorfus  non  putrefcunt ; qu®  ab  impends  proinde  pro 
fan&is  habita  fuere.  Ita  aer  frigidus  et  ficcus,  imprimis  calidus  et  ficcus,  a pu- 
trefaClione  quoque  praslervat ; quod  in  Hifpania  videmus,  et  locis  aliis  calidis, 
ficco-calido  aere  pr®ditis,  ubi  corpora  non  putrefcunt  et  refolvantur  j nam  ca- 
davera  in  oriente  in  arena,  imo  apud  nos  arte  in  furnis,  ficcari  et  lie  ad  finem 
mundi  ufque  a putredine  pr®fervari,  certum  eft  : intenfum  quoque ‘frigus  a pu- 
tredine pr®fervare ; unde  corpora  Stockholm!®  tota  hyeme  in  patibulo  fufpenfa 
fine  putredine  animadvertimus.”  Phyf.  Sub.  1.  i.  cap.  1. 

Such  are  the  caufes  which  are  capable  of  determining  and  favouring  putrefac- 
tion ; and  hence  we  may  perceive  the  beft  means  of  preventing,  increafing,  or 
modifying  it  at  pleafure.  A body  will  be  preferved  from  putrefaClion  by  de- 
priving it  of  the  contaCt  of  atmofpherical  air  : for  this  purpofe  nothing  more  is 
required  than  to  place  the  body  in  a vacuum,  or  to  envelop  it  in  a covering 
which  may  defend  it  from  the  immediate  aftion  of  the  air ; or  elfe  to  envelop  it 
in  an  atmofphere  of  fome  gafeous  fubftance  which  does  not  contain  vital  air.  We 
fhall  obferve,  on  this  fubjeCl,  that  the  effeCls  obferved  in  flelh  expofed  in  the 
fixed  air,  nitrous  air,  &c.  are  referable  to  a fimilar  caufe  ; and  it  appears  to 
Chaptal,  that  it  is  without  fufficient  proof  that  a conclufion  has  been  drawn  that 
thefefame  gafes,  internally  taken,  ought  to  be  conlidered  as  antifeptic  ; becaufe, 
in  the  cafes  we  havC  mentioned,  they  aCt  only  by  defending  the  bodies  they  fur- 
round  from  the  contaCt  of  vital  air,  which  is  the  principle  of  putrefaClion.  Pu- 
trefaClion may  be  favoured  by  keeping  bodies  at  a fuitable  temperature.  A 
degree  of  heat  from  fixty-five  to  ninety  degrees  diminilhes  the  adhelion  of  the 
parts,  and  favours  the  aCtion  of  the  air : but  if  the  heat  be  greater  it  volatilizes 
the  aqueous  principle,  dries  the  folids,  and  retards  the  putrefaClion.  It  is  ne- 
ceflary therefore,  for  the  decompofition  of  an  animal — ill,  That  it  have  the 
contaCt  of  atmofpheric  air  ; and  the  purer  this  air  is,  the  more  fpeedy  will  be  the 
putrefaClion.  2.  That  it  be  expofed  to  a moderate  degree  of  heat.  3.  That  its 
texture  be  impregnated  with  humidity. — The  experiments  of  Pringle,  Macbride, 
and  Gardane  have  likewife  Ihewn  us,  that  putrefaClion  may  be  haftened  by 
fprinkling  the  animal  fubftances  with  water  containing  a fmall  quantity  of  fait ; 
and  it  is  to  a like  caufe  that  we  ought  to  refer  feveral  procefles  ufed  in  kitchens 
to  produce  this  effeCl  in  food,  as  well  as  in  the  preparation  of  cheefe,  the  curing 
of  tobacco,  the  making  of  bread,  &c. 
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Bccher  expreffes  himfelf  as  follows  on  the  caufes  which  produce  putrefaction 
in  living  bodies : — “ Caufa  putrefadionis  primaria  defedus  fpiritus  vitalis  bal- 
famini  eft ; fecundaria,  deinde,  aer  externus  et  ambicus,  qui  interdum  adeo 
putrefaciens  et  humidus-calidus  eft,  ut  fupeiftitem  in  vivis  etiam  corporibus  bal- 
faminum  fpiritum  vincat,  nifi  confortando  augeatur ; ex  quo  colligi  poteft,  pre- 
fervantia  a putredine  fubtilia  ignea  oleofa  effe  debere.”  — This  celebrated  chemift 
concludes,  from  the  fame  principles,  that  ligatures,  copious  bleedings,  or  any 
debilitation  whatever,  determines  putrefadion.  He  likewife  thinks  that  aftrin- 
gentsoppofe  putrefadion  only  by  condenfing  the  texture  of  the  animal  parts  j for 
he  confider's  rarefadion  or  relaxation  as  the  firft  effed  of  putrefadion.  He 
thinks  that  fpirituous  liquors  ad  as  anti-putrefcent  merely  by  animating  and 
ftimulating  the  vis  vits.  He  affirms  that  the  ufe  of  faked  meats,  which 
heat  much,  affifted  by  the  moifture  very  common  in  fhips  and  fea-ports,  pro- 
duces the  fcurvy  ; and  he  obferves,  with  reafon,  that  the  tendency  and  effed  of 
putrefadion  are  diametrically  oppolite  to  thofe  of  generation  : “ nam  ficut  in  gene- 
ratione  partes  coagulantur  et  in  corpus  formantur,  ita  in  putrefadione  partes 
refolvuntur  et  quad  informes  fiunt.” 

As  the  phenomena  of  putrefadion  vary  according  to  the  nature  of  the  fub- 
ftances  themfelves,  and  the  circumftances  which  accompany  this  operation,  it 
follows,  that  it  muft  be  very  difficult  to  defcribe  all  the  phenomena  which  it  ex- 
hibits. We  (ball  therefore  endeavour  to  trace  only  thofe  which  appear  to  be 
moft  conftant. 

Every  animal  fubftance  expofed  to  the  air  at  a temperature  above  ten  degrees 
of  Reaumur,  and  moiftened  with  its  own  ferous  humour,  putrefies;  and  the  pro- 
grefsofthis  alteration  appears  in  the  following  order  : 

The  colour  firft  becomes  pale  ; its  confiftence  diminifhes ; its  texture  becomes 
relaxed  ; the  peculiar  fmell  of  frelh  meat  difappears,  and  is  fucceeded  by  a faint 
and  difagreeable  fmell.  The  colour  itfelf  at  this  time  inclines  to  blue  ; as  we  fee 
in  game  which  begins  to  turn,  in  wounds  which  fall  into  fuppuration,  in  the  va- 
rious parts  threatened  with  gangrene,  and  even  in  that  putrefadion  of  the  curd 
which  forms  cheefe.  Moft  of  our  food  fuffers  the  firft  degree  of  putrefadion  before 
we  ufe  it. 

After  this  firft  period  the  animal  parts  become  more  and  more  foftened,  the 
fmell  becomes  fetid,  and  the  colour  of  an  obfcure  brown  ; the  fibrous  part  eaffiy 
breaks ; the  texture  becomes  dry,  if  the  putrefadion  be  carried  on  in  the  open 
air ; but  the  furface  becomes  covered  with  fmall  drops  of  fluid,  if  the  decompo- 
fition  be  made  in  veffels  which  oppofe  its  evaporation. 

To  this  period  fucceeds  that  which  moft  minutely  charaderizes  animal  putre* 
fadion.  The  putrid  and  naufeous  fmell  which  wasmanifefted  in  the  fecond  degree; 
becomes  mixed  with  a fmell  of  a more  penetrating  kind,  arifing  from  the  difen- 
gagementof  ammoniacal  gas : the  mafs  becomes  ftill  lefs  and  lefs  confident. 

The  laft  degree  of  decompofition  has  its  peculiar  charaders.  The  fmell  be- 
comes faint,  naufeous,  and  exceedingly  adive.  This,  more  efpecially,  is  con- 
tagious, and  tranfmits  the  feeds  of  infedion  to  a great  diftance : it  is  a true  fer- 
ment, which  depofits  itfelf  upon  certain  bodies,  to  appear  again  at  long  inter- 
vals. Van  Swieten  reports,  that  the  plague  having  appeared  at  Vienna  in  1677, 
and  having  again  appeared  in  1713,  the  houfes  which  had  been  infeded  at  its- 
firft  appearance  were  likewife  infeded  at  the  fecond.  Van  Helmont  afferts 
that  a woman  contraded  an  anthrax  at  the  extremity  of  her  fingers,  in  confe- 
quenee  of  having  touched  papers  impregnated  with  peftilential  virus.  Alex- 
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ander  Benedidtus  has  written,  that  pillows  reproduced  the  contagion  feven  years' 
after  having  been  infedted  ; that  cords  had  remained  infedfed  for  thirty  years,, 
and  likewife  communicated  it,  according  to  Faufttrs.  The  plague  at  Meffina 
was  for  a long  time  concentrated  in  the  warehoufes  where  merchandize  was  in- 
clofed  with  the  fufpedted  bales.  Mead  has  tranfmitted  the  moft  alarming  fads 
concerning  the  durable  impreflion  of  contagion. 

When  the  putrefying  fubftance  is  in  its  laft  ftage,  the  fibrous  texture  is  fcarce- 
ly  difcernible,  and  has  no  longer  any  appearance  but  that  of  a foft,  diforganized 
and  putrid  mafs.  Bubbles  are  fee  n to  efcape  from  the  furface  of  this  matter;  and 
the  whole  ends  by  its  drying,  and  becoming  reduced  to  an  earthy  matter,  which 
is  friable  when  taken  between  the  fingers 

We  do  not  fpeak  of  the  produdion  of  worms  ; becaufe  it  appears  to  be  proved 
that  they  owe  their  origin  only  to  the  flies  which  endeavour  to  depofit  their  eggs 
upon  fuch  bodies  as  are  beft  fuited  to  fupport  the  young  they  contain.  If  flefh 
meat  be  well  wafhed,  and  left  to  putrefy  under  a fieve,  it  will  pafs  through  all 
the  degrees  of  putrefadion  without  the  appearance  of  worms.  It  has  been  ob- 
ferved  that  worms  are  of  a different  fpecies,  according  to  the  nature  of  the  dif- 
eafe,  and  the  kind  of  animal  which  putrefies.  The  exhalation  which  arifes  from 
bodies  in  thefe  different  cafes,  attrads  different  fpecies  of  infeds,  according  to  its 
nature.  The  opinion  of  thofe  who  believe  in  fpontaneous  generation  appears  to 
Chaptal  to  be  contrary  to  the  experience  and  wifdom  of  nature,  which  cannot  have 
committed  the  reprodudion  and  number  of  the  fpecies  to  chance.  The  progrefs 
of  nature  is  the  fame  for  all  the  claffes  of  individuals ; and  fince  it  is  proved  that 
all  the  known  fpecies  are  re-produced  in  one  and  the  fame  manner,  how  can  we 
fuppofe  that  nature  departs  from  her  plain  and  general  laws  for  the  fmall  number 
of  individuals  whofe  generation  is  lefs  known  to  us  ? 

Becher  had  the  courage  to  make  obfervations,  during  the  courfe  of  a year, 
upon  the  decompofition  of  a carcafe  in  the  open  air;  and  to  obferve  ali  the 
phenomena.  The  firft  vapour  which  rifes,  fays  he,  is  fubtile  and  naufeous; 
fome  days  after  it  has  a certain  four  and  penetrating  frnell.  After  die  firft  wee'ks, 
the  fltin  becomes  covered  with  a down,  and  appears  yellowifh  ; greenifli  fpots 
are  formed  in  various  places,  which  afterwards  become  livid  and  black;  a thick 
moffy  or  mouldy  fubftance  then  covers  the  greateft  part  of  the  body ; the  fpots 
open,  and  emit  a fanies. 

Carcafes  buried  in  the  earth  prefent  very  different  phtenomena  ; the  decompo- 
fition  in  a burying- ground  is  at  leaft  four  times  as  flow.  It  is  not  perfectly  ended, 
according  to  Mr.  Petit,  till  three  years  after  the  body  has  been  interred,  at  the 
depth  of  four  feet ; and  it  is  flower  in  proportion  as  the  body  is  buried  at  a greater 
depth.  Thefe  fadts  agree  with  the  principles  which  we  have  already  eftabliftied 
for  bodies  buried  in  the  earth,  and  fubjedted  to  laws  of  decompofition  very  dif- 
ferent from  thofe  which  take  place  in  bodies  expofed  to  the  open  air.  In  this 
cafe  the  decompofition  is  favoured  by  the  waters  which  filter  through  the  earth, 
and  diffolve  and  carry  with  them  the  animal  juices.  It  is  alfo  favoured  by  the 
earth,  which  abforbs  the  juices  with  more  or  lefs  facility.  Meffis-  Lemery, 
Geoffroy,  and  Hunaud  have  proved  that  argillaceous  earths,  exert  a very  flow 
adtibn  upon  bodies  ; but  when  the  earths  are  porous  and  light,  the  bodies  then 
dry  very  fpeedily.  The  feveral  principles  of  bodies  abforbed  by  the  earth,  or 
carried  by  the  vapours,  are  difperfed  through  a great  fpace,  imbibed  by  the 
roots  of  vegetables,  and  gradually  decompofed.  This  is  what  paffes  in  burying-, 
grounds  in  the  open  air  ; but  it  is  very  far  from  being  applicable  to  the  fepulchres- 
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which  are  made  in  churches  and  covered  places.  Here  is  neither  water  nor  ve- 
getation ; and  confequently  no  caufe  which  can  carry  away,  diffolve,  or  change 
the  nature  of  the  animal  fluids  : and  it  is  an  inftance  of  wifdom  in  the  French 
government,  that  has  prohibited  the  burying  in  churches  j a pradice  which  was 
once  a fubjed  of  horror  and  infection. 

The  accidents  which  have  happened  at  the  opening  of  graves  and  vaults  are 
but  too  numerous,  to  render  any  apology  neceflary  for  our  fpeaking  a few  words 
refpeding  the  method  of  preventing  them. 

The  decompofition  of  a body  in  the  bowels  of  the  earth  can  never  be  danger- 
ous, provided  it  be  buried  at  a fufficient  depth,  and  that  the  grave  be  not 
opened  before  its  entire  and  complete  decompofition.  The  depth  of  the  grave 
ought  to  be  fuch  that  the  external  air  cannot  penetrate  it ; that  the  juices  with 
which  the  earth  is  impregnated  may  not  be  conveyed  to  itsfurface  ; and  that  the 
exhalations,  vapours,  or  gafes,  which  are  developed  or  formed  by  decompofi- 
tion, Ihould  not  be  capable  of  forcing  the  earthy  covering  which  detains  them. 
The  nature  of  the  earth  in  which  the  grave  is  dug,  influences  all  its  effeds.  If 
the  ftratum  which  covers  the  body  be  argillaceous,  the  depth  of  the  grave  may 
be  lefs,  as  this  earth  difficultly  affords  a paflage  to  gas  and  vapour ; but  in  gene- 
ral it  is  admitted  to  be  neceflary  that  bodies  fhould  be  buried  at  the  depth  of 
five  feet,  to  prevent  all  thefe  unhappy  accidents.  It  is  likewife  neceflary  to  at- 
tend to  the  circumftance,  that  a grave  ought  not  to  be  opened  before  the  com- 
plete decompofition  of  the  body.  This  decompofition,  according  to  Mr.  Petit, 
is  not  perfed  until  the  expiration  of  three  years,  in  graves  of  four  feet  depth  ; 
or  four  years,  when  they  are  fix  feet  deep.  This  term  affords  many  varieties, 
according  to  the  nature  of  the  earth,  and  the  conftitution  of  the  fubjeds  buried  in 
it  j but  we  may  confider  it  as  a medium.  The  pernicious  cuftom  which  allows  a 
Angle  grave  to  families  more  or  lefs  numerous,  ought,  therefore,  to  be  fuppreffed  ; 
for  in  this  cafe  the  fame  grave  may  be  opened  before  the  time  prefcribed.  Thefe 
are  abufes  which  ought  to  occupy  the  attention  of  government ; and  it  is  time 
that  the  vanity  of  individuals  fhould  be  facrificed  to  the  public  fafety.  It  is  like- 
wife neceflary  to  prohibit  burying  in  vaults,  and  even  in  coffins.  In  the  firft  cafe, 
the  principles  of  the  bodies  are  fpread  into  the  air,  and  infed  it ; in  the  fecond, 
their  decompofition  is  flower  and  lefs  perfed. 

If  thefe  precautions  be  negleded  ; if  the  dead  bodies  be  heaped  together  in  too 
confined  a fpace ; if  the  earth  6e  not  proper  to  abforb  the  juices,  and  decompofe 
them  ; if  the  grave  be  opened  before  the  entire  decompofition  of  the  body — un- 
happy accidents  will,  no  doubt,  be  produced ; and  thefe  accidents  are  but  too 
common  in  great  towns  where  every  wife  precaution  is  negleded.  An  inftance 
of  this  happened  when  the  ground  of  the  church  of  St.  Benoit  at  Paris  was  dug 
up  a few  years  ago  ; a naufeous  vapour  was  emitted,  and  feveral  of  the  neigh- 
bours were  affededtby  it.  The  earth  which  was  taken  out  of  this  grave  was 
unduous,  vifcid,  and  emitted  an  infedious  fmell.  Meflrs.  Maret  and  Navier 
have  left  us  fimilar  obfervations. 

Boyle  relates  that  he  has  preferved  lemons,  oranges,  and  other  fruits  from 
putrefadion,  or  other  fermentation,  during  feveral  years,  by  including  them  in 
an  exhaufted  receiver.  Dodor  Macbride  found  that  putrefadion  was  accelerated 
by  enclofing  a piece  of  flefh  in  an  exhaufted  receiver ; but  that  another  piece 
continued  fweet,  which  was  included  in  an  exhaufted  hollow  brafs  fphere,  con- 
fifting  of  two  hemifpheres  joined  together.  He  conjedures  that  the  caufe  of  this 
difference  might  be,  that  in  the  latter  experiment  the  vacuum  was  more  perfed 
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than  in  the  former,  as  the  glafs  receiver  did  not  feem  to  exclude  with  fufficient 
accuracy  the  external  air ; and  though  a partial  vacuum  may  accelerate  putre- 
faction, yet  fome  air  may  be  neceflary  to  this  procefs. 

It  is  well  known  that  bodies  are  preferved  from  putrefaction  by  covering  them 
with  wax,  fuet,  &c.  Whether  is  this  effeCt  produced  merely  by  excluding  ex- 
ternal air,  or  by  preventing  the  extrication  of  the  gas,  or  both  ? 

Sir  John  Pringle  has  made  experiments  to  determine  the  powers  of  certain 
fubftances  to  promote  or  prevent  putrefaction.  From  thefe  experiments  he  has 
formed  the  following  table,  (hewing  the  relative  antifeptic  powers  of  the  faline 
fubftances  mentioned.  Having  found  that  two  drams  of  beef  put  in  a phial  with 
two  ounces  of  water,  and  placed  in  a heat  equal  to  ninety  degrees  of  Fahrenheit’s 
thermometer,  became  putrid  in  fourteen  hours,  and  that  lixty  grains  of  fea-falt 
preferved  a (imilar  mixture  of  beef  and  water  more  than  thirty  hours,  he  made 
the  antifeptic  power  of  the  fea-falt  a ftandard,  to  which  he  compared  the  powers 
of  the  other  falts.  The  algebraic  character  -J-  fignifies,  that  the  fubftance  to 
which  it  is  annexed  had  a greater  antifeptic  power  than  is  exprelfed  by  the 
numbers. 


Sea-falt,  or  the  ftandard  — — — 

Sal-gem  — — - ■ — — 

Vi  trio  la  ted  tartar  — — — — 

Spiritus  Mindereri,  or  diftilled  vinegar  faturated  with  volatile  alkali 
Soluble  tartar  — — — — — 

Sal  diureticus,  or  muriated  vegetable  alkali  — — 

Crude  fal  ammoniac  — — — - — ■ 

Saline  mixture  — • — — — 

Salt  of  hartlhorn  — — — • — ■ 

Salt  of  wormwood  — — — 

Salt  of  amber  — — - — ■ — 

Alum  — — — 


i 

1 + 

2 
2 
2 

2-b 

3 

3 

4 + 
4+ 
4+. 

12 

20 

30 


N.  B.  The  quantities  of  fpiritus  Mindereri  and  of  the  faline  mixture  were  fucb, 
that  each  of  them  contained  as  much  alkaline  fait  as  the  other  neutral  falts. 

Myrrh,  aloes,  afiafetida,  and  terra  Japonica,  were  found  to  have  an  an- 
tifeptic power  thirty  times  greater  than  the  ftandard.  Gum  ammoniacum  and 
fagapenum  (hewed  little  antifeptic  power. 

Of  all  relinous  fubftances,  camphor  was  found  to  refifl  putrefaCtion  moft: 
powerfully.  Sir  John  Pringle  believes  that  its  antifeptic  power  is  3,00  times 
greater  than  that  of  fea-falt. 

Chamomile  flowers,  Virginian  fnake-root,  pepper,  ginger,  faftron,  contrayerva 
root,  and  galls  were  found  to  be  twelve  times  more  antifeptic  than  fea-falt. 

Infufions  of  large  quantities  of  mint,  angelica,  ground-ivy,  green  tea,  red-rofes,, 
common  wormwood,  muftard,  and  horfe-radifh,  and  alfo  decoClions  of  poppy- 
heads,  were  more  antifeptic  than  fea-falt. 

DecoClions  of  wheat,  barley,  and  other  farinaceous  grains,  checked  the  jpi. 
trefaCtion  by  becoming  four. 

Chalk,  and  other  abforbent  powders,  accelerated  the  putrefaction,  and  refolved 
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-meat  into  a perfed  mucus.  The  fame  powders  prevented  an  infufion  of  farina- 
ceous grains  from  becoming  mucilaginous  and  four. 

One  dram  of  fea-falt  was  found  to  preferve  two  dramsof  frefli  beef  in  two 
ounces  of  water,  above  thirty  hours,  uncorrupted,  in  a heat  equal  to  that  of  the 
human  body,  or  above  twenty  hours  longer  than  meat  is  preferved  in  water  with- 
out fait  : but  half  a dram  of  fait  did  not  preferve  it  more  than  two  hours 
longer  than  pure  water.  Twenty-five  grains  of  fait  had  little  or  no  anti- 
feptic  quality.  Twenty  grains,  fifteen  grains,  but  efpecially  ten  grains  only 
of  fea-falt  were  found  to  accelerate  and  heighten  the  putrefaction  of  two  drams 
of  flefh.  Thefe  fmall  quantities  of  fea-falt  did  alfo  foften  the  flefh  more  than 
pure  water.. 

The  fame  learned  and  ingenious  phyfician  made  experiments  to  difcover  the 
•effeCts  of  mixing  vegetable  with  animal  matters. 

Two  drams  of  raw  beef,  as  much  bread,  and  an  ounce  of  water,  being  beat  to 
the  confidence  of  pap,  and  expofed  to  ninety  degrees  of  heat,  according 
t-o  Fahrenheit’s  thermometer,  began  to  ferment  in  a few  hours,  and  continued  in 
,a  fermentation  during  two  days.  When  it  began  to  ferment  and  fwell,  the  pu- 
trefadion  had  begun  •,  and  in  a few  hours  afterwards  the  fmell  was  offenfive. 
Next  day  the  putrid  fmell  ceafed,  and  an  acid  tafte  and  fmell  fucceeded.  Frefh 
alimentary  vegetables,  as  fpinach,  afparagus,  fcurvy-grafs,  produced  fimilar  effeds 
as  bread  on  flefh,  but  in  a weaker  degree.  From  feveral  other  experiments  he 
found  that  animal  fubftances  excite  the  fermentation  of  vegetable  fubftances,  and 
that  the  latter  fubftances  corred  the  putrefcency  of  the  former. 

By  adding  faliva  to  a fimilar  mixture  of  flefh,  bread,  and  water,  the  fermenta- 
tion was  retarded,  moderated,  but  rendered  of  twice  the  ufual  duration,  and  the 
acid  produced  at  laft  was  weaker  than  when  no  faliva  was  ufed. 

By  adding  an  oily  fubftance  to  the  common  mixture  of  flefh,  bread  and  water, 
a ftronger  fermentation  was  produced,  which  could  not  be  moderated  by  the  quan- 
tity of  faliva  ufed  in  the  former  experiment,  till  fome  fixed  alkaline  fait  was 
added  ; which  fait  was  found,  without  faliva,  to  flop  fuddenly  very  high  fer- 
mentations. 

He  did  not  find  that  fmall  quantities  of  the  following  falts,  fal  ammoniac,  nitre, 
vitriolated  tartar,  fal  diureiicus,  fait  of  hartfhorn,  fait  of  wormwood,  were  feptic, 
as  fmall  quantities  of  fea  fait  were. 

Sugar  was  found  to  refill  putrefaction  at  firft,  as  other  falts  do,  and  alfo  to  check 
the  putrefaction  after  it  had  begun  by  its  own  fermentative  quality,  like  bread, 
and  other  fermentative  vegetables.. 

Lime-water  made  fome  fmall  refiftance  to  putrefaction. 

Port-wine,  fmall-beer,  infufions  of  bitter  vegetables,  of  bark,  and  the  juice  of 
antifcorbutic  plants,  retarded  the  fermentation  of  mixtures  of  flefh  and  bread. 
But  an  unftrained  decoCtion  of  bark  confiderably  increafed  that  fermentation. 

Crabs  eyes  accelerated  and  increafed  the  fermentation  of  a mixture  of  flefh 
and  bread. 

Lime-water  neither  retarded  nor  haftened  the  fermentation  of  fuch  a mix- 
ture: but  when  the  fermentation  ceafed,  the  liquor  was  neither  putrid  nor  acid, 
but  fmelled  agreeably. 

Flefh  pounded  in  a mortar  was  found  to  ferment  fooner  than  that  which  had 
not  been  bruifed. 

The  tough  inflammatory  cruft  of  blood  was  found  to  be  moft  putrefcent,  next 
io  which  the  craffamentum,  or  red  coagulated  mafs,  and  laftly  the  ferum. 

Dr. 


PUT 


( 737  ) 


P Y R 


Dr.  Macbride’s  experiments  confirm  many  of  thefe  above  related,  efpecklly 
thofe  which  (how  that  the  fermentation  of  vegetable  fubftances  is  increafed  by 
a mixture  of  animal  or  putrefcent  matter ; that  the  putrefcency  of  the  latter  is 
corrected  by  the  fermentative  quality  of  the  former;  and  that  the  putrefadion 
and  fermentation  of  mixtures  of  animal  and  vegetable  fubftances  were  accele- 
rated by  additions  of  abforbent  earths  and  of  Peruvian  bark  ; he  alfo  found, 
that  although  unburnt  calcareous  earths  were  leptic,  quick-lime  and  lime- 
water  prevented  putrefaction,  but  that  they  deftroyed  or  diffolved  the  texture 
of  flelh. 

The  experiments  of  the  author  of  the  Effai  pour  fervir  a 1’  Hiftoire  de  la 
Putrefadion,  fhew  that  metallic  falts,  refinous  powders,  extrads  of  bark,  and 
opium,  are  very  powerfully  antifeptic,  and  that  falts  with  earthy  bafes  are  lefs 
antifeptic  than  any  other  falts. 

PUTTY.  The  calx  of  tin  known  by  the  name  of  putty,  is  generally  ufed  to 
polifh  various  hard  bodies,  as  glafs,  metallic  fpecula  for  refleding  telefcopes,  &c. 
When  fufed  with  lead  and  fand  it  produces  enamel ; and  ferves  alfo  to  cover 
earthen  ware,  giving  to  it  a glaffy  and  neat  furface  for  life. 

PUZZOLANA.  This  is  a volcanic  produdion  of  a gray,  brown,  yellow- 
ilh,  or  blackilh  colour,  loofe,  granular,  or  dufty  and  rough,  porous  and  fpungy, 
refembling  a clay  hardened  in  fire,  and  then  reduced  to  a grol's  powder.  It  con- 
tains, mixed  with  it,  various  heterogeneous  fubftances : its  fpecific  gravity  is  from 
2,  5 to  2,  8,  and  it  is  in  fome  degree  magnetic  : it  fcarcely  effervefces  with  acids, 
though  partially  foluble  in  them  : it  melts  eafily  per  fe  : but  its  moft  diftin- 
guifhing  property  is,  that  it  hardens  very  fuddenly  when  mixed  with  -f  of  its 
weight  of  lime  and  water,  and  forms  a cement,  which  is  more  durable  in  water 
than  any  other.  According  to  Bergman’s  analyfis,  one  hundred  parts  of  it  con- 
tain from  55  to  6o  of  filiceous  earth,  19  or  20  of  argillaceous,  5 or  6 of  calca- 
reous, and  from  15  to  20  of'iron.  It  is  evidently  a martial  argillaceous  marl  that 
has  fuffered  a moderate  heat.  Its  hardening  power  arifes  from  the  dry  ftate  of 
the  half-baked  argillaceous  particles,  which  makes  them  imbibe  water  very  rapidly, 
and  thus  accelerates  the  deficcation  of  the  calcareous  part ; and  alfo  from  the  quan- 
tity and  femi-phlogifticated  ftate  of  the  iron  contained  in  it.  It  is  found  not 
only  in  Italy,  but  alfo  in  France,  in  the  provinces  of  Auvergne  and  Limoges,  and 
alfo  in  England,  and  elfewhere. 

P YRITACEOUS  LIMESTONE.  This  ftone  is  called  by  the  French  Pierre 
de  St.  Ambroix.  It  is  of  an  iron-gray  colour,  interfperfed  with  finning  parti 
cles.  Its  texture  is  compact,  and  fcarcely  gives  fire  with  fteel.  Its  fpecific  gra- 
vity is  2,7034. 

It  is  foluble  in  acids,  and  mofily  with  effervefcence  : calcines  in  a ftrong  fire  : 
makes  nitre  flightly  detonate  : and  if  diftilled,  affords  a fmall  portion  of  vitriolic 
acid,  and  fome  fulphur  fublimes. 

Its  component  parts  are  75  of  mild  calcareous  earth,  and  25  of  pyrites,  in 
which  are  contained  14  of  argill,  7 of  quartz  and  fnlphpr,  and  4 of  iron. 

PYRITES.  Certain  metallic  combinations,  which  contain  a very  large  pro- 
portion of  fulphur,  are  known  by  this  name.  They  are  not  indeed  entitled  to 
any  particular  clafs  diftinft  from  ores;  yet  their  abundance  and  other  proper- 
ties are  fufficient  to  juftify  the  infertion  of  a feparate  article  *. 

Although  fometimes  pyrites  contains  more  metal  than  fome  ores,  yet  generally 
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it  contains  Jefs  metal,  and  a larger  quantity  of  mineralizing  fubftances,  fulphur 
and  arfenic,  and  particularly  of  unmetallic  earth.  The  connexion  of  thefe  matters 
is  alfo  much  ftronger  in  pyrites  than  in  ores,  and  they  are  accordingly  much 
harder  fo  thatalmoft  every  pyrites  can  ftrike  fparks  from  fteel.  From  this  pro- 
perty of  ftriking  fparks  from  fteel  they  have  been  called  pyrites,  which  is  a Greek 
word  fignifying  fire-ftone.  Pyrites  was  formerly  ufed  for  fire-arms,  as  we  now 
rnfe  flints  ; hence  it  was  called  carabine- ftone.  It  is  ftill  named  by  fome,  marca- 
fite.  Perhaps  no  other  kind  of  natural  body  has  received  fo  many  names.  Per- 
fops  curious  to  know  the  other  names  lefs  ufed  than  thofe  we  have  mentioned, 
may  find  them  in  Henckel’s  Pyritologia.  We  think,  with  that  celebrated  che- 
mift,  that  the  fubjed  has  been  perplexed  by  this  multiplicity  of  names ; for 
before  his  great  and  excellent  work,  the  notions  concerning  pyrites  were  very  coiv 
fufed  and  inaccurate. 

Pyrites  differs  alfo  from  ores  by  its  forms  and  pofitions  in  the  earth.  Al- 
though pyritous  minerals  generally  precede,  accompany,  and  follow  veins  of 
ores ; they  do  not,  properly  fpeaking,  themfelves  form  the  oblong  and  continued 
mafles  called  veins,  as  ores  do,  but  they  form  maffes  fometimes  greater  and  fome- 
times  fmaller,  but  are  always  diftind  from  each  other.  Large  quantities  of 
them  are  often  found  unaccompanied  by  ores.  They  are  formed  in  clays,  chalk,, 
marles,  marbles,  plafters,  alabafters,  flates,  fpars,  quartz,  granites,  cryftals,  in  a- 
word,  in  all  earths  and  ftones.  Many  of  them  are  alfo  found  in  pit-coals,  and  in 
other  bituminous  matters. 

Pyrites  is  alfo  diftinguifhable  from  ores  by  its  luftre  and  figure,  which  is  almoft 
always  regular  and  uniform,  externally  or  internally,  or  both.  Some  ores,  in- 
deed, like  thpfe  of  lead,  many  ores  of  filver,  and  fome  others,  have  regular 
forms,  and  are  in  fome  manner  cryftallized  ; but  this  regularity  of  form  is  not  fo 
univerfal,  and  fo  confpicuous  in  ores  as  in  pyrites.  The  luftre  of  pyrites  feemsto 
be  caufed  by  its  hardnefs,  and  the  regularity  of  its  form  by  the  quantity  of  mine- 
ralizing fubftances  which  it  contains. 

By  all  thefe  marks  we  may  eafily,  and  without  analyfis,  diftinguifh  pyrites 
from  true  ores.  When  we  fee  a mineral  that  is  heavy,  poffeffed  of  metallic 
luftre,  and  of  any  regular  form,  the  mafs  of  which  appears  evidently  to  be  entire, 
that  is,  not  to  have  been  a fragment  of  another  mals,  and  which  is  fo  hard  as  to 
be  capable  of  ftriking  fparks  from  fteel,  we  may  be  allured  that  fuch  a mineral.is 
a pyrites,  and  not  an  ore. 

The  clafs  of  pyrites  is  very  numerous,  various,  and  extenfive.  They  differ 
one  from  another  in  the  nature  and  proportions  of  their  component  parts,  in  their 
forms,  and  in  their  colours.  The  forms  of  thefe  minerals  are  exceedingly  various. 
No  folid  regular  or  irregular  can  eafily  be  conceived  that  is  not  perfedly  imitated 
by  fome  kind  of  pyrites.  They  are  fpherical,  oval,  cylindrical,  pyramidal, 
prifmatical,  cubic  j they  are  folids  with  5,  6,  7,  8,  9-,  10,  &.c.  ftdes.  The  fur- 
face  of  fome  is  angular,  and  confifts  of  many  bafes  of  fmall  pyramids,  while 
their  fubftance  is  compofed  of  thefe  pyramids,  the  points  of  which  all  unite  in  the 
centre  of  the  mafs. 

Pyritous  minerals  differ  alfo  in  their  component  fubftances.  Some  of  them 
are  called  fulphureous,  martial,  cupreous,  arfenical,  as  one  or  other  of  thefe  fub- 
ftances predominate.  We  muft  obferve  with  Henckel,  whofe  authority  is  very 
great  on  this  fu.bjed,  that  in  general  all  pyrites  are  martial,  as  ferruginous  earth  is 
the  effentia!  and  fundamental  part  of  every  pyrites.  This  earth  is  united  with  an 
tinmetaliic  earth,  with  fulphur  or  arfenic,  or  with  both  thefe  matters ; in  which 


P Y R 


P Y R 


( 739  ) 

cafe  the  fulphur  always  predominates  over  the  arfenic,  as  Henckel  obferves.  He 
confiders  thefe  as  the  only  effential  principles  of  pyrites,  and  believes  that  all  the 
other  matters,  metallic  or  unmetallic,  which  are  found  in  it,  are  only  accidental; 
amongft  which  he  even  includes  copper,  although  fo  much  of  it  exifts  in  fome 
kinds  of  pyrites,  that  thefe  are  treated  as  ores  of  copper,  and  fometimes  contain 
even  5olb.  of  copper  each  quintal.  Many  other  metals,  even  gold  and  filver,  are 
fometimes  combined  in  py'rites ; but  thefe  are  lefs  frequent,  and  the  precious  me> 
tals  always  in  very  fmall  quantities ; they  are  therefore  juftly  to  be  confidered 
as  accidental  to  pyrites.  The  different  fubftances  compofing  pyrites  fenfibiy 
affetft  its  colours.  Henckel  diftinguilhes  them  in  general  into  three  colours, 
white,  yellowifh  or  a pale  yellow,  and  yellow.  He  informs  us,  that  thefe  three 
colours  are  often  fo  blended  one  with  another,  that  they  cannot  be'  eafily  difhin- 
guifhed,  unlefs  when  compared  together. 

The  white  pyrites  contain  molt  arfenic,  and  are  fimilar  to  cobalt  and  other 
minerals  abounding  in  arfenic.  The  Germans  call  them  mifpickel,  or  mifpilt. 
Iron  and  arfenic  form  the  greateft  part  of  this  pyrites.  As  arfenic  has  the  pro- 
perty of  whitening  copper,  fome  pyritous  minerals  almoft  white,  like  that  of 
Chemnitz  in  Mifnia,  are  found  to  contain  forty  pounds  of  copper  per  quintal, 
and  which  are  fo  much  whitened  by  the  arfenic  that  they  are  very  like  white 
pyrites.  But  Henckel  obferves,  that  thefe  pyritous  matters  are  very  rare,  and 
are  never  fo  white  as  the  true  white  pyrites,  which  is  only  ferrugino'us  and 
arfenical. 

Yellowifh  pyrites  is  chiefly  compofed  of  fulphur  and  iron.  Very  little  cop- 
per and  arfenic  are  mixed  with  any  pyrites  of  this  colour,  and  molt  of  them  con- 
tain none  of  thefe  two  metallic  fubftances.  This  is  the  molt  common  kind  of 
pyrites:  it  is  to  be  found  almoft  everywhere.  Its  forms  are  chiefly  round,  fphe- 
rical,  oval,  flattened,  cylindrical ; and  it  is  compofed  internally  of  needles  or  radii, 
which  unite  in  the  centre  or  in  the  axis  of  the  folid. 

Yellow  pyrites  receives  its  colour  from  the  copper  and  fulphur  which  enter  into 
its  compofition.  Its  colour,  however,  is  inclined  to  a green,  but  is  fufficiently 
yellow  to  diftinguifh  it  from  the  other  two  kinds  of  pyrites,  particularly  when 
they  are  compared  together.  To  make  this  comparifon  well,  the  pyrites  muft  be 
broken,  and  the  internal  furfaces  muft  be  placed  near  each  other.  The  reafon  of 
this  precaution  is,  that  the  colour  of  minerals  is  altered  by  expofure  to  the  air. 

"Perfons  accuftomed  to  thefe  minerals  can  eafily  diftinguilh  them.  The  chief 
difficulty  is  to  diftinguifh  white  pyrites  from  cobalt  and  other  minerals,  which  alfo 
contain  fome  copper,  and  much  arfenic. 

Hence  then  we  fee,  that  arfenic  is  the  caufe  of  whitenefs  in  pyrites,  and  is  con- 
tained in  every  pyrites  of  that  colour;  that  copper  is  the  principal  caufe  of  the 
yellow  colour  of  pyrites,  and  that  every  pyrites  which  is  evidently  yellow  con- 
tains copper;  that  fulphur  and  iron  produce  a pale  yellow  colour,  which  is  alfo 
produced  by  copper  and  arfenic;  hence  fome  difficulty  may  arife  in  diftinguilh- 
ing  pyrites  from  its  colours.  We  may  alfo  obferve,  that  fulphur  and  arfenic, 
without  any  other  fubftance,  form  a yellow  compound,  as  we  fee  from  the  example 
of  orpiment  or  yellow  arfenic.  Thus,  although  the  colours  of  the  pyrites  enable  us 
to  diftinguifh  its  different  kinds,  and  to  know  their  nature  at  firft  fight,  particu- 
larly when  we  have  been  accuftomed  to  obferve  them  ; yet  we  cannot  be  entirely 
certain  concerning  the  true  nature  of  thefe  minerals,  and  even  of  all  minerals  in 
general,  that  is,  to  know  precifely  the  kinds  and  proportions  of  their  component 
lubftances,  but  by  chemical  analyfis  and  decompofition. 
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Befides  the  above-mentioned  matters  which  compofe  pyrites,  it  alfo  contains  a 
confiderable  quantity  of  unmetaliic  earth,  that  is,  an  earth  which  cannot  by  any 
procefs  be  reduced  to  metal.  Henckel,  Cramer,  and  all  thofe  who  have  examined 
this  matter,  mention  this  earth,  and  prove  its  exiftence. 

We  ought  to  obferve,  that  this  earth  is  combined  with  the  other  principles  of 
the  pyrites,  and  nor  merely  interpofed  between  its  parts.  It  muft  therefore  be  dif- 
tinguifhed  from  other  earthy  and  ftony  matters  mixed  accidentally  with  pyrites, 
and  which  do  not  make  a part  of  the  pyrites,  fince  they  may  be  feparated  by 
mechanical  means,  and  without  decompofing  that  mineral : but  the  earth  of 
which  we  now  treat  is  intimately  united  with  the  other  conftituent  parts  of  the 
pyrites,  is  even  a conftituent  part  of  pyrites,  and  effential  to  the  exiftence  of  this 
mineral,  and  cannot  be  feparated  but  by  a total  decompofition  of  it. 

According  to  Henckel,  this  unmetaliic  earth  abounds  much  in  the  white  py- 
rites, fince  he  found  from  the  analyfis  which  he  made,  that  the  iron,  which  is  the 
only  metal  exifting  in  thefe  pyrites,  is  only  about  -Ar  part  of  the  fixed  fubftance 
that  remains  after  the  arfenic  has  been  expelled  by  torrefadion  or  fublimation. 

A much  larger  quantity  of  iron  is  in  the  pale  yellow  pyrites,  according  to 
Henckel.  The  proportion  of  iron  is  generally  about  twelve  pounds  to  a quintal 
of  pyrites,  and  fometimes  fifty  or  fixty  pounds  : this  is  therefore  called  martial 
pyrites.  It  contains  about  4 of  its  weight  of  fulphur,  and  the  reft  is  unmetaliic 
earth. 

The  quantity  of  unmetaliic  earth  contained  in  the  yellow  or  cupreous  pyrites, 
which  are  alfo  martial,  fince,  as  we  have  obferved,  iron  is  an  effential  part  of  every 
pyrites,  has  not  yet  been  determined.  They  probably  contain  fome  of  that 
earth,  though  perhaps  lefs  of  it  than  the  others. 

The  nature  of  this  unmetaliic  earth  of  pyrites  has  not  been  well  examined. 
Henckel  thinks  that  it  is  an  earth  difpofed  already  by  nature  to  metallization, 
but  not  fufficiently  elaborated  to  be  confidered  as  a metallic  earth.  See  the  ar- 
ticles Metals  and  Metallization.  This  opinion  is  not  improbable;  but 
as  alum  may  be  obtained  from  many  pyrites,  may  we  not  fufped  that  this  un~ 
metallic  earth  is  of  the  nature  of  the  bafis  of  alum  or  argillaceous  earth  ? See 
Alum  and  Clay.  Perhaps  alfo  this  earth  is  different  in  different  kinds  of  py- 
rites. The  fubjed  deferves  to  be  well  examined. 

Although  pyrites  is  not  fo  valuable  as  true  ores,  becaufe  in  general  it  contains 
lefs  metal,  and  but  exceedingly  little  of  the  precious  metals ; and  becaufe  its 
metallic  contents  are  fo  difficult  to  be  extraded  that,  excepting  cupreous  pyrites, 
which  is  called  pyritous  copper  ore,  it  is  not  worked  for  the  fake  of  the  contained 
metal ; yet  it  is  applied  to  other  purpofes,  and  furnifhes  us  with  many  ufeful 
i'ubftances ; for  from  it  we  obtain  all  our  green  and  blue  vitriols,  much  fulphur, 
arfenic,  alum,  and  orpiment.  See  the  principal  proceffes  by  which  thefe  fuh- 
fiances  are  extradled  from  pyrites,  under  the  article  Smelting  of  Ores. 

As  every  pyrites  contains  iron,  and  moft  of  them  contain  alfo  fulphur ; as  the 
pyrites  moft  frequently  found  contains  only  thefe  two  fubftances  with  the  unme- 
tallic  earth  ; and  as  iron  and  fulphur  have  a fingular  adion  upon  each  other* 
when  they  are  well  mixed  together  and  moiftened  ; hence  many  kinds  of  pyrites, 
pardcularly  thofe  which  contain  only  the  principles  now  mentioned,  fuftain  a 
fingular  alteration,  and  even  a total  decompofition,  when  expofed  during  a cer- 
tain time  to  the  combined  adion  of  air  and  water.  The  moifture  gradually 
penetrates  them,  divides,  and  attenuates  their  parts ; the  acid  of  the  fulphur  par- 
ticularly attacks  the  martial  earth,  and  alfo  the  unmetaliic  earth  ; its  unfkmmable 
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principle  is  feparated  from  it,  and  is  diflipated.  While  thefe  alterations  happen, 
the  pyrites  changes  its  nature.  The  acid  of  the  fulphur  which  is  decompofed 
forms  with  the  fixed  principles  of  the  pyrites,  vitriolic,  aluminous,  and  felenitic 
falts;  fo  that  a pyrites,  which  was  once  a fiiining,  compact,  very  hard  mineral, 
becomes  in  a certain  time  a grayilh,  faline,  powdery  mafs,  the  tafte  of  which  is 
faline,  auftere,  and  ftiptic. 

Laftly,  if  this  mafs  be  lixiviated  with  water,  cryftals  of  vitriol,  and  fometimes 
of  alum,  according  to  the  nature  of  the  pyrites  employed,  may  be  obtained  by 
evaporation  and  cryftallization. 

This  alteration  and  fpontaneous  decompofition  of  pyrites  is  called  efflorefcence  - 
and  vitriolization  j becaufe  the  pyrites  becomes  covered  with  a faline  powder, 
and  becaufe  vitriol  is  always  formed.  This  vitriolization  is  more  or  lefs  quickly 
accomplilhed  in  pyrites  according  to  its  nature.  It  is  a kind  of  fermentation 
excited  by  moifture  amongft  the  conftituent  parts  of  thefe  minerals ; and  it  is  fo 
violent  in  thofe  which  are  mod  difpofed  to  it,  that  is,  in  the  pale- yellow  pyrites, 
which  contain  chiefly  fulphur  and  iron,  that  when  the  quantity  of  thefe  is  confi- 
derable,  not  only  a fulphureous  vapour  and  heat  may  be  perceived,  but  alfo  the 
whole  kindles  and  burns  intenfely.  The  fame  phenomena  are  obfervable,  and 
the  fame  refults  are  formed,  by  mixing  well  together  and  moiftening  a large  quan- 
tity of  filings  of  iron  and  powdered  fulphur > which  experiment  Lemeri  has  - 
made,  to  explain  the  caufes  of  fubterranean  fires  and  volcanoes. 

We  cannot  doubt  that,  as  the  earth  contains  very  large  mafles  of  pyrites  of  this 
kind,  they  muft  undergo  the  fame  changes  when  air  and  moifture  penetrate  the 
cavities  containing  them  ; and  the  beft  natural  philofophers  agree,  that  very 
probably  this  furprifing  decompofition  of  pyrites  is  the  caufe  of  fubterranean 
fires,  of  volcanoes,  and  of  mineral  waters,  vitriolic*  aluminous,  fulphureous,  hot 
and  cold. 

No  other  pyrites  is  fubject  to  this  fpontaneous  decompofition,  when  expofed 
to  humid  air,  but  that  which  is  both  martial  and  fulphureous,  that  is  the  pale 
yellow  pyrites.  The  arfenical  pyrites,  or  that  which  contains  little  or  no  fulphur, 
is  not  changed  by  expofure  to  air.  This  latter  kind  is  harder,  heavier,  and  more 
compact  than  the  former.  The  pyrites  which  is  angular  and  regularly  flaaped,  is 
chiefly  of  this  kind.  Wallerius,  in  his  Mineralogy,  propofes  to  diftinguilh  this 
kind  of  pyrites  by  the  name  of  marcafite.  When  cut,  it  may  be  polilhed  fo  well 
as  to  give  a luftre  almoft  equal  to  that  of  diamonds ; but  without  refracting  or  de- 
compofing  the  light;  for  it  is  perfectly  opake.  It  has  been  employed  fome 
years  paft  in  the  manufacture  of  toys,  as  of  buckles,  necklaces*  &c.  and  is  called 
in  commerce  marcafite.  See  Waters  (Mineral).  Ores.  Smelting  of 
Ores. 

PYROMETER.  An  inftrument  contrived  for  meafuring  the  expanfions  and 
contractions  of  bodies  by  change  of  temperature.  See  Expansion. 

PYROMETER  OF  WEDGWOOD.  In  this  article  I - have  abridged  the 
papers  of  the  inventor  in  the  Phil.  Tranf.  vols.  lxii  and  lxiv. 

A meafure  for  the  higher-degrees  of  heat,  fuch  as  the  common  thermometers  - 
afford  for  the  lower  ones,  would  be  an  important  acquifition  both  to  the  philofo- 
pher  and  the  practical  artift.  The  latter  muft  feel  the  want  of  -fuch  a meafure  on  . 
many  ©ccafions : particularly  when  he  attempts  to  follow,  or  apply  to  ufe,  the 
curious  experiments  of  Mr.  Pott,  related  in  his  Lithogeognofia,  and  other  modem  . 
writers  upon  fimilar  fubjects.  When  we  are  told,  for  inftance,  that  fuch  and  fuch 
materials  were  changed  by  fire  into  a fine  white,  yellow,  green,  or  other  coloured  i 
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glafs,  and  find  that  thefe  effe&s  do  not  happen,  unlefs  a particular  degree  of  fire 
has  fortunately  been  hit  upon,  which  degree  we  cannot  be  fure  of  fucceeding  in 
again — when  we  are  difappointed  by  having  the  refult  at  fome  times  an  unvitri- 
fied mafs,  and  at  others  an  over- vitrified  fcoria,  from  a little  deficiency  or  excefs 
of  heat — when  we  fee  colours  altered  not  only  in  fhade  but  in  kind,  and  in  many 
cafes  deftroyed  by  a fmall  augmentation  of  the  heat  which  had  produced  them 
■ — how  much  is  it  to  be  wifhed  that  the  authors  had  been  able  to  convey  to  us  a 
meafure  of  the  heat  made  ufe  of  in  their  valuable  procefies  ! 

Mr.  Wedgwood,  in  a long  courfe  of  experiments  for  the  improvement  of  the 
manufacture  he  is  engaged  in,  found  fome  of  his  greatefl  difficulties  to  arife  from 
not  being  able  toafcertain  the  heat  to  which  the  experiment-pieces  had  been  ex- 
pofed  ; and  having  no  other  refource,  he  was  obliged  atfirfi:  to  content  himfelf 
with  fuch  meafures  as  his  own  kilns  and  the  different  parts  of  them  afforded. 
Thus  the  kiln  in  which  his  glazed  ware  is  fired  furnifhes  three  meafures,  the  bot- 
tom being  of  one  heat,  the  middle  of  a greater,  and  the  top  ftill  greater : the 
kiln  in  which  the  bifcuit  ware  is  fired  furnifhes  three  or  four  others,  of  higher 
degrees  of  heat ; and  by  thefe  he  marked  his  regiftered  experiments.  But  thefe 
meafures  were  neither  fully  adequate  to  his  own  views,  nor  capable  of  being 
communicated  to  others;  their  ufe  is  confined  to  a particular  ftruCfure  of  fur- 
naces, and  mode  of  firing ; and  upon  any  alteration  in  thefe,  they  would  be- 
come ufelefsand  unintelligible,  even  where  now  they  are  bed  known.  And  in- 
deed as  this  part  of  the  operation  is  performed  by  workmen  of  the  lowed  clafs, 
it  is  impoffible  to  depend  upon  any  great  accuracy  even  in  one  and  the  lame  fur- 
nace. It  has  accordingly  often  happened,  that  the  pieces  fired  in  the  top  of  the 
kiln  in  one  experiment,  have  been  made  no  hotter  than  thofe  fired  in  the  middle 
in  another,  and  vice  verfa. 

The  force  of  fire,  in  its  higher  as  well  as  lower  ftages,  can  no  otherwife  bejudly 
afcertained  than  by  its  effects  upon  fome  known  body.  Mr.  Wedgwood  obferved 
that  compofitions  of  calces  of  iron  with  clay  affumed,  from  different  degrees  of 
fire,  fuch  a number  of  didindt  colours  and  fhades  as  promifed  to  afford  ufeful 
criteria  of  the  refpe&ive  degrees. 

With  this  idea  he  prepared  a quantity  of  fuch  a compofition,  and  formed  it  into 
circular  pieces,  about  an  inch  in  diameter,  and  a quarter  of  an  inch  thick.  A 
-number  of  thefe  was  placed  in  a kiln,  in  which  the  fire  was  gradually  augmented, 
with  as  much  uniformity  and  regularity  as  poffible,  for  near  lixty  hours.  The 
pieces,  taken  out  at  equal  intervals  of  time  during  this  fucceffive  increafe  of  hear, 
and  piled  in  their  order  upon  one  another  in  a glafs  tube,  exhibited  a regular 
and  pretty  extenfive  feries  of  colours;  from  a fledi-colour  to  a deep  brownilh- 
xed,  from  thence  to  a chocolate,  and  fo  on  to  nearly  black,  with  all  the  interme- 
diate tints  between  thefe  colours.  A back  being  fixed  to  the  tube,  like  the  fcale 
of  a thermometer,  and  the  number  of  the  pieces  marked  upon  it  refpe&ively 
oppofiie  to  them,  it  is  obvious  that  thefe  numbers  may  be  confidered  as  fo 
many  thermometric  divifions  or  degrees  ; and  that,  if  another  piece  of  the  fame 
compofition  be  fired  in  any  other  kiln,  or  furnace,  not  exceeding  the  utmoft  heat 
of  the  firft,  it  will  acquire  a colour  correfponding  to  fome  of  the  pieces  in  the 
tube,  and  thus  point  out  the  degree  of  heat  which  that  piece,  and  confequently 
fuch  other  matters  as  were  in  the  fire  along  with  it,  have  undergone. 

It  mult  however  beconfefied,  that,  for  general  ufe,  a thermometer  on  thisprin- 
ciple  is  liable  to  objection,  as  ideas  of  colours  are  not  perfedtly  communicable 
by  words ; nor  are  all  eyes,  or  all  light,  equally  adapted  for  diftinguilhing  them, 
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, dpecially  the  (hades,  which  approach  near  to  one  another ; and  the  effedts  of 
phlogidic  vapours,  in  altering  the  colour,  may  not  in  all  cafes  be  ealily  guarded 
againft. 

Inconfidering  this  fubjedt  attentively,  another  property  of  argillaceous  bodies 
occurred  to  Mr.  Wedgwood  ; viz.  the  dimunition  of  their  bulk  by  fire.  This  he 
found  to  be  a more  accurate  and  extenfive  mealure  of  heat  than  the  different 
(hades  of  colour. 

He  found  that  this  diminution  takes  place  in  a low  red  heat ; and  that  it 
proceeds  regularly,  as  the  heat  increafes,  till  the  day  becomes  vitrified,  and 
confequently  to  the  utmoft  degree  that  crucibles  or  other  veffels  made  of  this 
material  can  fupport.  The  total  contradlion  of  fome  good  clays  which  he  ex- 
amined in  the  dronged  of  his  own  fires,  is  confiderably  more  than  one-fourth 
part  in  every  dimenfion. 

If,  therefore,  we  can  procure  at  all  times  a clay  fufficiently  apyrous  or  unvi>* 
trefcible,  and  always  of  the  fame  quality  in  regard  to  contradion  by  heat ; and 
if  we  can  find  means  of  meafuring  this  contradion  with  eafe  and  minute  accuracy, 
Mr.  Wedgwood  thinks  that  we  (hall  be  furnifhed  with  a meafure  of  fire  diffident 
for  every  purpofe  of  experiment  or  bufinefs. 

We  have  in  different  parts  of  England  immenfe  beds  of  clay  ; each-  of 
which,  at  equal  depths,  is  pretty  uniform  in  quality  throughout  its  whole  ex- 
tent. Mr.  Wedgwood  found,  that  fome  of  the  pured  Gornifh  porcelain  clays 
feem  the  befl  adapted,  both  for  fupporting  the  intenfity,  and  meafuring  the 
degrees  of  fire. 

For  preparing  and  applying  this  material  to  thermometric  purpofes,  he  pro- 
pofes  the  following,  method. 

The  clay  isfird  to  be  wafhed  over,  and,  w-hilfl  in  a dilute  (late,  paffed* through- 
a fine  lawn.  It  mull  then  be  made  dry,  and  put  up  in  boxes. 

While  the  clay  is  thus  kept  dry  in  boxes,  as  well  as  while  it  continues  in  its 
natural  bed,  it  is  fecure  from  alterations  in  quality,  which  clays  in  general  are 
fubjed  to  undergo  when  expofed,for  a long  courfe  of  years,  to  the  joint  adions 
of  air  and  moiflure.  In  the  lawns,  Mr.  Wedgwood  made  ufe  of,  the  interdices 
were  each  lefs  than  the  ioo,oooth  part  of  an  inch.  If  Mr.  Wedgwood  means,, 
as  I fuppofe  he  does,  that  the  fquare  interfaces  of  his  lawn  were  each  lefs  than 
the  ioo,oooth  part  of  a fquare  inch,  die  number  of  threads  in  an  inch  were 
about  320. 

The  dry  clay  is  to  be  foftened  for  ufe  with  about  two  fifths  of  its  weight  of 
water  ; and  formed  into  final!  pieces,  in  little  moulds  of  metal  fix-tenths  of  an 
inch  in  breadth,  with  the  fides  pretty  exadly  parallel,  tills  being  the  dimenfion- 
intended  to  be  mealtired,  about  four-tenths  of  an  inch  deep,  and  one  inch 
long.  To  make  the  clay  deliver  eafiiy,  it  will  be  neceflary  to  oil  the  mould,, and 
make  it  warm. 

Thefe  pieces,  when  perfedly  dry,  are  put  into  another  iron  mould  or  gage, 
confiding  only  of  a bottom,  with  two  fides,  five-tenths  of  an  inch  deep;,  to 
the  dimenfions  of  which  fides  the  breadth  of  the  pieces  is  to  be  pared-down. 

For  meafuring  the  diminution  which  they  are  to  differ  from  the  adbion  of  fire, 
another  gage  is  made,  of  two  pieces  of  brafs,.  twenty-four  inches  long,  with'  the 
fides  exadtly  draight,  divided  into  inches  and  tenths,  fixed  five-tenths  of  an  inch 
afunder  at  one  end,  and  three- tenths  at  the  other,  upon  a brafs  plate,  fo  that  one 
of  the  thermometric  pieces,  when  pared  down  in  the  iron  gage,  will  jud  fit  to  the 
wider  end.  Let  us  fuppofe  this  piece  to  have  diminiflied  in  the  fire  one-fifth  of 
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t its  bulk,  It  will  then  pafs  on  to  half  the  length  of  the  gage  ; if  diminilhed  two-fifths,, 
-it  will  go  on  to  the  narrowed:  end  ; and  in  any  intermediate  degree  of  contra&ion, 
if  the  piece  be  did  along  till  it  refls  againft  the  converging  Tides,  the  degree  at 
which  it  ftops  will  be  the  meafure  of  its  contradion,  and.  confequently  of  the  de- 
gree of  heat  it  has  undergone. 

Thefe  are- the  outlines  of  what  appeared  to  Mr.  Wedgwood  neceffary  for  the 
making  and  ufing  of  this  thermometer  ; and  he  expreffes  his  hope  that  the  whole 
procefs  will  be  found  fufficiently  fimple  and  eafy  of  execution.  It  may  never- 
thelefs  be  proper  to  take  notice  of  a few  minuter  circumflances,  and  to  mention 
. Tome  obfervations  which  occurred  in  the  progrefs  of  the  inquiry. 

As  there  ought  to  be  a certainty  of  the  clay  being  eafily  and  at  all  times  pro- 
curable in  fufficient  quantity,  and  on  moderate  terms,  Mr.  Wedgwood  offered 
-To  the  Royal  Society  a fufficient  fpace  in  a bed  of  the  Cornwall  clay  to  iupply 
the  world  with  thermometric  pieces  for  numerous  ages. 

In-order  to  be  affured  that  the  clay  made  ufe  of  for  thefe  thermometers  is  per- 
fedly  fimilar,  it  will  be  belt  to  dig  it  out  of  the  earth  in  considerable  quantity 
at  once,  an  extent  of  fome  fquare  feet  or  yards  in  area,  and  to  the  depth  of  fix  or 
feven  yards  or  more  from  the  furface,  and  to  mix  the  whole  thoroughly  together, 
previous  to  the  further  preparation  already  mentioned. 

This  clay,  dried  by  the  fummer  heat,  or  in  a moderately  warm  room,  or  with 
more  heat  before  a fire,  has  not  been  obferved  to  differ  in  degree  of  drynefs.  Afcer 
being  fo  dried,  it  lofes  about  a hundredth  part  of  its  weight  in  the  heat  of  boiling 
water,  about  as  much  more  in  that  of  melted  lead,  and  from  thence  to  a red 
heat  ten  parts,  in  all  -j-W  Each  of  thefe  heats  foon  expels  from  the  clay  its  de- 
terminate quantity  of  matter,  chiefly  air  ; after  which,  the  fame  heat,  though  con- 
tinued for  many  hours,  has  no  further  effedt.  Mr.  Wedgwood  had  fome  hopes 
that  the  gradation  of  the  common  thermometer  might  be  continued,  upon  this 
principle,  up  to  the  red  heat  at  which  the  fhrinking  of  the  clay  commences,  fo 
as  to  connedt  the  two  thermometers  together  by  one  feries  of  numbers;  but  the 
lofs  of  weight  appears  not  to  be  fufficiently  uniform  or  proportional  to  the  degree 
of  heat  to  anfwer  that  purpofe,  for  it  was  found  to  go  on  quicker,  and  bladders 
tied  to  the  mouths  of  the  veffels  in  which  the  pieces  were  heated,  became  more 
rapidly  diftended  at  the  commencement  of  rednefs  than  at  any  other  time. 
From  low  red-heat  to  a ftrong  one,  fuch  as  copper  melts  in,  the  lofs  of  weight 
was  only  about  two  parts  in  a hundred;  though  the  difference  between  thefe  two 
heats  appears  to  be  much  greater  than  what  the  fame  lofs  correfponds  to  in  the 
lower  ftages.  After  this  period,  the  decreafe  of  weight  entirely  ceafed. 

The  vapours  expelled  from  the  clay,  caught  feparately  in  the  different  de- 
grees of  heat,  feemed,  from  the  few  trials  made  with  them,  to  confift  of  com- 
mon air  mixed  with  fixed  air.  They  all  precipitated  lime-water,  that  which  was 
firft  extricated  exceeding  weakly,  the  others  more  and  more  confiderably  ; but 
the  laft  not  near  fo  ftrongly  as  the  air  expelled  from  lime-ftone  in  burning. 
ISlone  of  them  were  inflammable. 

The  thermometric  pieces  may  be  formed  much  more  expeditioufly  than  in  the 
Tingle  mould,  by  means  of  an  inflrument  ufed  for  fimilar  purpofes  by  potters,. 
It  confifls  of  a cylindrical  iron  veffel,  with  holes  in  the  bottom,  of  the  form 
and  dimenfions  required.  The  foft  clay  put  in  the  veffel  is  forced  by  a prefs 
down  through  thefe  apertures,  in  long  rods,  which  may  be  cut  while  moift, 
or  broken  when  dry,  into  pieces  of  convenient  lengths.  It  was  hoped  that 
this  method -would  of  itfelf  have  been  fufficient,  without  the  addition  of  the 
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paring  gage,  making  proper  allowance,  in  the  fize  of  the  holes,  for  the  fhrinking 
of  the  clay  in  drying.  But  it  was  found  that  a variety  of  little  accidents  might 
happen  to  alter  the  Ihape  and  dimenfions  of  the  pieces,  in  a fenfible  degree, 
while  in  their  foft  Bate  ; fo  that  it  will  be  always  fafeft  to  have  recourfe  to  the 
paring  gage  for  afcertaining  and  adjufting  their  breadth  when  perfe&ly  dry, 
this  being  the  period  at  which  the  pieces  are  exaftly  alike  with  regard  to  their 
future  diminilhing;  fo  that  if  they  are  now  reduced  to  the  fame  breadth,  we  may 
be  fure  that  they  will  fuffer  equal  contradions  from  equal  degrees  of  heat  after- 
wards, whether  they  have  been  made  in  a mould,  or  by  a prefs,  or  in  any  other 
Way  ; neither  is  any  variation  in  the  length  or  thicknefs  of  thefe  pieces  of  the  leaft 
confequence,  provided  one  of  the  dimenfions,  that  by  which  they  are  afterwards 
to  be  mealured,  is  made  accurate  to  the  gage. 

It  will  be  proper  to  bake  the  pieces,  when  dry,  with  a low  red- heat,  in  order 
to  give  them  fome  firmnefsor  bardnefs,  that  they  may,  if  neceffary,  be  able  to 
bear  package  and  carriage  ; but  more  efpecially  to  prepare  them  for  being  put 
into  an  immediate  heat,  along  with  the  matters  they  are  to  ferve  as  meafures  to, 
without  burfting  or  flying,  as  unburnt  clay  would  do.  We  need  not  be  folicitous 
about  the  precife  degree  of  heat  employed  in  this  baking,  provided  only  that  it 
does  not  exceed  the  loweft  degree  which  we  fhall  want  to  meafure  in  practice  j 
for  a piece  that  has  fuffered  any  inferior  degrees  of  heat,  anfwers  as  well  for  mea- 
furing  higher  ones,  as  a piece  which  has  never  been  expofed  to  fire  at  all.  In  this 
part  of  the  preparation  of  the  pieces,  it  may  be  proper  to  inform  the  operator  of  a 
circumftance  which,  though  otherwife  immaterial,  might  at  firft  difconcert  him  : 
if  the  heat  is  not  in  all  of  them  exaftly  equal,  he  will  probably  find  that  while 
fome  have  begun  to  flirink,  others  are  rather  enlarged  in  their  bulk  ; for  they  all 
fwell  a little  juft  on  the  approach  of  rednefs.  As  this  is  the  period  of  the  raoft 
rapid  produce  of  air,  the  extenfion  may  perhaps  be  owing  to  the  air  having  at  this 
moment  become  elaftic  to  fuch  a degree,  as  to  force  the  particles  of  the  clay  a 
little  afunder  before  it  obtains  its  own  enlargement. 

Each  divifion  of  the  fcale,  though  fo  large  as  a tenth  of  an  inch,  anfwers  to 
a tiooth  part  of  the  breadth  of  the  little  piece  of  clay.  We  might  go  to  much 
greater  nicety,  either  by  making  thedivifions  fmaller,  or  the  fcale  longer;  but  it 
is  not  apprehended  that  any  thing  of  this  kind  will  be  found  neceffary  : and  in- 
deed, in  proceeding  much  fartheT  in  either  way,  we  may  poflibly  meet  with  inT 
conveniencies  fufficient  to  counterbalance  the  apparent  additional  accuracy  of 
meafurement. 

The  divifions  of  this  fcale,  like  thofe  of  the  common  thermometers,  are  un- 
avoidably arbitrary ; but  the  method  here  propofed  appears  fufficiently  commo- 
dious and  eafy  of  execution,  the  divifions  being  adjufted  by  meafures  every- 
where known,  and  at  all  times  obtainable  : for,  however  the  inches  ufed  in  dif- 
ferent countries  may  differ  in  length,  this  cannot  affecft  the  accuracy  of  the  fcale, 
provided  that  the  proportions  between  the  wider  and  narrower  end  of  the  gage 
are  exaftly  as  five- tenths  of  thofe  inches  to  three- tenths,  and  the  length  240  of 
the  fame  tenths ; and  that  the  pieces  in  their  perfeftly  dry  ftate,  before  firing, 
fit  precifely  to  the  wider  end.  When  one  gage  is  accurately  adjufted  to  thefe 
proportional  meafures,  two  pieces  of  brafs  Ihould  be  made,  one  fitting  exaftly 
into  one  end,  and  the  other  into  the  other;  thefe  will  ferve  as  ftandards  for  the 
ready  adjuftment  of  other  gages  to  the  dimenfions  of  the  original. 

By  this  fimple  method  we  may  be  affured  that  thermometers  on  this  principle, 
though  made  by  different  perfons,  and  in  different  countries,  will  all  be  equally 
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affeded  by  equal  degrees  of  heat,  and  all  fpeak  the  fame  language  : the  utility 
of  this  laft  oircumftance  is  now  too  well  known  to  need  being  infilled  on. 

If  a fcale  two  feet  in  length  Ihould  be  reckoned  inconvenient,  it  may  be  divided 
into  two,  of  one  foot  each,  by  having  three  pieces  of  brafs  fixed  upon  the  fame 
plate;  the  firft:  and  fecond,  five-tenths  of  an  inch  apart  at  one  end,  and  four- 
tenths  at  the  other ; the  fecond  and  third,  four-tenths  at  one  end,  and  three- 
tenths  at  the  other  ; fo  that  the  firft  reaches  to  the  1 20th  divifion,  and  the  fecond 
from  thence  to  the  240th. 

As  this  thermometer,  like  all  others,  can  exprefs  only  the  heat  felt  by  itfelf, 
the  operator  muft  be  careful  to  expofe  the  pieces  to  an  equal  adion  of  the  fire 
with  the  body  whofe  heat  he  wants  to  meafure  by  them.  In  kilns,  ovens,  re- 
verberatories,  under  a muffle,  and  wherever  the  heat  is  pretty  fteady  and  uni- 
form, the  means  of  doing  this  are  too  obvious  to  need  being  mentioned.  But  in 
a naked  fire,  where  the  heat  is  neceflarily  more  fluctuating,  and  unequal  in  dif- 
ferent parts  of  the  fuel,  fome  precaution  will  be  required. 

The  thermometer-piece  may  generally  be  put  into  the  crucible,  along  with  the 
fubjed  matter  of  the  experiment.  But  where  the  matter  is  of  fuch  a kind  as  to 
melt  and  ftick  to  it,  the  piece  may  be  previoufly  inclofed  in  a little  cafe  made  of 
crucible  clay.  The  fmallnefs  of  the  pieces  will  admit  of  this  being  done  without 
inconvenience,  at  leaft  in  any  but  the  fmalleft  crucibles,  as  the  pieces  themfelves 
may  be  diminifhedto  any  fize  that  may  be  found  proper,  provided  only  that  one 
of  the  dimenfions,  five-tenths  of  an  inch,  be  preferved  in  the  manner  before 
mentioned. 

For  the  very  fmalleft  fort  of  crucibles,  the  cafe  may  be  put  in  clofe  to  the 
crucible,  fo  as  to  form  as  it  were  an  addition  to  its  bulk  on  the  outfide.  If  it 
be  alked,  why  the  cafe  is  not  always  thus  put  in  by  the  fide  of  the  crucible  ? it  is 
anfwered,  that  in  judging  of  the  heat  of  large  crucibles  from  a thermometer-piece 
placed  on  the  outfide  of  them,  we  may  fometimes  be  deceived,  as  the  piece  in  its 
little  cafe  has  been  found  to  heat  fooner  than  the  matter  in  the  larger  veflel ; but 
in  fmall  ones,  as  the  crucible  and  cafe  are  nearly  alike  in  bulk,  there  is  little  dan- 
ger of  error  from  this  caufe.  • 

Thefe  thermometer-pieces  poflefs  fome  fingular  properties,  which  we  could  not 
have  expeded  to  find  united  in  any  .fubftance  whatever,  and  which  peculiarly  fit 
them  for  the  purpofes  they  are  here  applied  to.  • 

1.  When  baked  by  only  moderate  degrees  of  fire,  though  they  are,  like  other 
clays,  of  a porous  texture,  and  imbibe  water  ; yet,  when/aturated  with  the  water, 
their  bulk  continues  exadly  the  fame  as  in  a dry  ftate. 

2.  By  very  ftrong  fire,  they  are  changed  to  a porcelain  or  femi- vitreous  tex- 
ture; neverthelefs,  their  contradion,  on  further  augmentations  of  the  heat,  pro- 
ceeds regularly,  as  before,  up  to  the  higheft  degree  of  fire  that  Mr.  Wedgwood 
has  been  able  to  produce. 

3.  They  bear  hidden  alternatives  of  heat  and  cold;  may  be  dropped  at  once 
into  intenfe  fire  ; and,  when  they  have  received  its  heat,  may  be  plunged  as  fud- 
denly  into  cold  water,  without  the  leaft  injury  from  either. 

4.  Even  while  faturated  with  water  in  their  porous  ftate,  they  may  be  thrown 
immediately  into  a white  heat,  without  burfting  or  fuffering  any  injury. 

5.  Sudden  cooling,  which  alters  both  the  bulk  and  texture  of  moft  bodies, 
does  not  at  all  affed  thefe,  at  leaft  not  in  any  quality  fubfervient  to  their  thermo- 
metric ufes. 

6.  Nor  are  they  affeded  by  long  continuance  in,  but  folely  by,  the  degree 
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of  heat  they  are  expofed  to.  In  three  minutes,  or.lefs,-  they  are  perfectly  pe- 
netrated by  the  heat  which  a<5ts  upon  them,  fo  as  to  receive  the  full  contrac- 
tion which  that  degree  of  heat  is  capable  of  producing,  equally  with  thofe  which 
had  undergone  its  action  during  a gradual  increafe  of  its  force  for  many  hours- 
Strong  degrees  of  heat  are  communicated  to  them  with  more  celerity  than  weak 
ones;  perhaps  the  heat  may  be  more  readily  tranfmitted,  in  proportion  as  the 
texture  becomes  more  compact. ' 

Thefe  fads  have  been  afcertained  by  many  experiments,  the  particulars  of 
which  are  omitted,  becaufe  they  would  fwell  this  article  much  beyond  the  bulk, 
intended. 

The  ufe  and  accuracy  of  this  thermometer  for  meafuring,  after  an  operation, 
the  degree  of  heat  which  the  matter  has  undergone,  will  be  apparent.  The 
foregoing  properties  afford  means  of  meafuring  it  alfo  eafily  and  expeditioufly, 
during  the  operation,  fo  that  we  may  know  when  the  fire  is  increafed  to  any  degree 
previoufly  determined  upon.  The  piece  may  be  taken  out  of  the  fire  in  any 
period  of  the  procefs,  and  dropped  immediately  into  water,  fo  as  to  be  fit  for 
meafuring  by  the  gage  in  a few  feconds  of  time.  At  the  fame  inftant,  another 
piece  may  be  introduced  into  the  place  of  the  former,  to  be  taken  out  and  mea- 
fured  in  its  turn  ; and  thus  alternately,  till  the  defired  degree  of  heat  is  obtained. 
But  as  the  cold  piece  will  be  two  or  three  minutes  in  receiving  the  full  heat, 
and  correfponding  contra&ion;  to  avoid  this  lofs  of  time,  it  may  be  proper  on 
fome  occafions  to  have  two  or  more  pieces,  according  to  convenience,  put  in 
together  at  firft,  that  they  may  be  fucceflively  cooled  in  water,  and  the  degrees 
of  heat  examined  at  fhorter  intervals.  It  will  be  unneceffary  to  fay  any  thing 
further  upon  precautions  or  procedures  which  the  very  idea  of  a thermo- 
meter mull  fuggeft,  and  every  experimenter  will  readily  find  mea'hs  to  ob- 
viate. 

It  only  now  remains,  that  the  language  of  this  new  thermometer  be  un- 
derftood,  and  that  it  may  be  known  what  the  heats  meant  by  its  degrees 
really  are.  For  this  purpofe  a great  number  of  experiments  have  been  made, 
from  which  the  following  refults  are  feledted. 

The  fcale  commences  at  a red-heat,  fully  vifible  in  day-light;  and  the  greateff: 
heat  that  Mr.  Wedgwood  obtained  in  his  experiments  is  i6o°.  This  degree  he 
produced  in  an  air  furnace  about  eight  inches  fquare. 

Mr.  Alchorne  tried  the  neceffary  experiments  with  the  pure  metals  at  the 
Tower,  to  afcertain  at  what  degrees  of  this  thermometer  they  go  into  fufion;  and 
it  appears  that  Swedifh  copper  melts  at  27,  filver  at  28,  and  gold  at  32. 

Brafs  is  ip  fufion  at  21.  Neverthelefs,  in  the  brafs  and  copper  founderies, 
the  workmen  carry  their  fires  to  140°  and  upwards;  but  for  what  purpofe  they 
fo  far  exceed  the  melting  heat,  or  whether  fo  great  an  additional  melting  heat  be 
really  neceffary,  Mr.  Wedgwood  fays  he  has  not  learned. 

The  welding  heat  of  iron  is  from  90  to  95  ; and  the  greateff  heat  that-  could 
be  pioduced  in  a common  fmith’s  forge  J25. 

Caff-iron  was  found  to  melt  at  130®,  both  in  a crucible  in  Mr.  Wedgwood’s 
furnace,  and  at  the  foundery ; but  could  not  be  brought  into  fufion  in  the  fmith’s 
forge,  though  that  heat  is  only  30  lower.  The  heat  by  which  iron  is  run  down 
among  the  fuel  for  cafting  is  130°. 

As  the  welding  ftate  of  iron  is  a foftening  or  beginning  fufion  of  the  furface, 
it  has  been  generally  thought  that  caff- iron  would  melt  with  much  lefs  heat  thaa 
what  is  neceffary  for  producing  this  effect  upon  the  forged;  whereas,  on  the  con- 
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trary,  caft-iron  appears  to  require,  for  its  fufion,  a heat  exceeding  the  welding 
heat  35  or  40°,  which  is  much  more  than  the  heat  of  melted  copper  exceeds  the 
Ioweft  vifible  rednefs. 

Thus  we  find,  that  though  the  heat  for  melting  copper  is  by  fome  called  a 
white  heat,  it  is  only  27 0 of  this  thermometer.  1 he  welding  heat  of  iron,  or 
90°,  is  likewife  a white  heat;  even  130°,  at  which  caft-iron  is  in  fufion,  is  no 
more  than  a white  heat;  and  fo  on  to  160°  and- upwards  is  all  a white  heat  ftill. 
This  (hews  abundantly  how  vague  fuch  a denotfiination  muft  be,  and  how  inade- 
quate to  the  purpofe  of  giving  us  any  clear  ideas  of  the  extent  of  what  we 
have  been  accuftomed  to  conlider  as  one  of  the  three  divifions  of  heat  in  ignited 
bodies. 

A Heffian  crucible,  in  the  iron  foundery,  viz.  about  150°  melted  into  a flag- 
Jike  fubftance.  Soft  iron  nails,  in  a Heffian  crucible  in  Mr.  Wedgwood’s  fur- 
nace, melted  into  one  mafs  with  the  bottom  of  the  crucible,  at  1540;  the  part 
of  the  crucible  above  the  iron  was  little  injured* 

The  fonding  heat  of  the  glafs  furnaces  Mr.  Wedgwood  examined,  or  that  by 
which  the  perfect  vitrification  of  the  materials  is  produced,,  was  at  one  of  them 
314°  for  flint-glafs,  and  1240  for  plate-glafs;  at  another  it  was  only  70°  for  the 
former,  which  fhews  the  inequality  of  heat,  perhaps  unknown  to  the  workmen 
themfelves,  made  ufe  of  for  the  fame  purpofe.  After  complete  vitrification, 
the  heat  is  abated  for  fome  hours  to  28  or  290,  which  is  called  the  fettling  heat> 
and  this  heat  is  fufficient  for  keeping  the  glafs  in  fufion.  The  fire  is  afterwards 
increafed,  for  working  the  glafs,  to  what  is  called  the  working  heat  ; and  this 
Mr.  Wedgwood  found,  in  plate-glafs,  to  be  570. 

Delft-ware  is  fired  by  a heat  of  40  or  410;  cream-coloured  or  queen’s-ware, 
by  86°;  afid  ftone-ware,  called  by  the  French  pots  de  gres,  by  102°;  by  this 
ftrong  heat,  it  is  changed  to  a true  porcelain  texture.  The  thermometer-pieces 
begin  to  acquire  a porcelain  texture  about  1 io°. 

The  above  degrees  of  heat  were  afcertained  by  thermometer-pieces  fired  along 
with  the  ware  in  the  refpe&ive  kilns.  But  this  thermometer  affords  means  of 
doing  much  more,  and  going  further  in  thefe  meafures  than  could  at  firffc  have 
been  expedted  ; it  will  enable  11s  to  afcertain  the  heats  by  which  many  of  the 
porcelains  and  earthen  wares  of  diftant  nations  and  different  ages  have  been  fired  7 
for  as  burnt  clay,  and  compofitions  in  which  clay  is  a prevailing  ingredient, 
fhffer  no  diminution  of  their  bulk  by  being  repaired  through  degrees  of  heat- 
which  they  have  already  undergone,  but  are  diminifbed  by  any  additional  heat, 
as  has  been  before  obferved,  if  a fragment  of  them  be  made  to  fit  into  any  part- 
of  the  gage,  and  then  fired  along  with  a thermometer-piece  till  it  begins  todimi- 
nifli,  the  degree  at  which  this  happens,  points  out  the  heat  by  which  it  had  been 
fired  before.  Of  feveral  pieces  of  ancient  Roman  and  Etrufcan  wares,  which- 
Mr.  Wedgwood  examined,  none  appeared  to  have  undergone  a greater  heat 
than  320,  and  none  lefs  than  209;  for  they  all  began  to  diminifh  at  thole  or  the; 
intermediate  degrees. 

By  means  of  this  thermometer,  fome  interefting  properties  of  natural  bodies- 
may  likewife  bedifcovered  or  more  accurately  determined,  and  the  genus  of  tha 
bodies  afcertained.  Jafper,  for  inftance,  is  found  to  diminifh  in  the  fire,  like 
an  artificial  mixture  of  clay  and  filiceous  matter;  granite,  on  the  contrary,  has 
its  bulk  enlarged  by  fire,  whilft  flint  and  quartzofe-ftones  are  neither  enlarged 
nor  diminifhed.  Thefe  experiments  were  made  in  fires  between  70  and  8o°  of 
this  thermometer.  A fufficient  number  of  fails  like  thefe,  compared,  with  each 
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other,  and  with  the  properties  of  fucli  natural  or  artificial  bodies  as  we  vvifli  to 
find  out  the  compolition  of,  may  lead  to  various  difcoveries,  of  which  Mr. 
Wedgwood  fays  he  has  already  found  fome  promifing  appearances ; but  that 
many  more  experiments  are  wanting  to  enable  him  to  fpeak  with  that  certainty 
and  precifion  on  thefe  fubjeds  which  they  appear  to  deferve. 

A piece  of  an  Etrufcan  vafe  melted  completely  at  330;  pieces  of  fome  other 
vafes  and  Roman  ware  about  36°*  Worctfter  china  vitrified  at  940;  Mr.  Spri- 
mont’s  Ghelfea  china  at  105°;  the  Derby  at  112°;  and  Bow  at  1210;  but  Briftol 
china  fhewed  no  appearance  of  vitrification  at  1330.  The  common  fort  of 
Chinefe  porcelain  does  not  perfedly  vitrify  by  any  fire  Mr.  Wedgwood  could 
produce  -3  but  began  to  foften  about  120°,  and  at  156°  became  fo  foft  as  to 
fink  down,  and  apply  itfelf  clofe  upon  a very  irregular  furface  underneath.  The 
true  ftone  nankeen,  by  this  flrong  heat,  does  not  foften  in  the  leaft  ; nor  does  it 
even  acquire  a porcelain  texture,  the  unglazed  parts  continuing  in  fuch  a fhate  as 
to  imbibe  water  and  flick  to  the  tongue.  The  Drefden  porcelain  is  more 
refradory  than  the  common  Chinefe,  but  not  equally  fo  with  the  ftone  nankeen. 
The  cream-coloured  or  queen’s  ware  bears  the  fame  heat  as  the  Drefden,  and  the 
body  is  as  little  affeded  by  this  intenfe  degree  of  fife. 

Mr.  Pott  fays,  that  to  melt  a mixture  of  chalk  and  clay  in  certain  proportions, 
which  proportions  appear  from  his  tables  to  be  equal  parts,  is  among  the  mafter- 
pieces  of  art.  This  mixture  melts  into  a perfed  glafs  at  1230  of  this  thermo- 
meter. 

The  whole  of  Mr.  Pott’s  or  any  other  experiments  may,  by  repeating  and 
accompanying  them  with  thefe  thermometric  pieces,  have  their  refpedtive  de- 
grees of  heat  afcertained,  and  thereby  be  rendered  more  intelligible  and  ufeful 
to  the  reader,  the  experimenter,  and  the  working  artift. 

Mr.  Wedgwood  found  from  the  analyfis  of  the  clay  of  which  the  tliermo- 
metric  pieces  are  formed,  that  it  confifts  of  two  parts  of  pure  filiceous  earth  to 
three  parts  of  pure  argillaceous  or  aluminous  earth. 

Mr.  Wedgwood  afterwards  endeavoured  to  conned  his  thermometer  with  that 
of  Fahrenheit’s,  by  means  of  a filver  expantion-piece  as  an  intermediate  mea- 
fure.  In  order  to  procure  a gage  for  this  purpofe  like  that  by  which  the 
thermometer- pieces  are  tneafured,  he  made  choice  of  tobacco-pipe  clay,  mixed 
with  charcoal  in  fine  powder,  in  the  proportion  of.  three  parts  of  the  charcoal  to 
five  of  the  clay  by  weight.  By  a free  accefs  of  air,  in  the  burning  by  which, 
tire  gage  is  prepared  for  ufe,  the  charcoal  is  confumed,  and  leaves  the  clay  ex- 
tremely light  and  porous;  from  which  circumftance  it  bears  ludden  alterations 
of  cold  and  heat,  often  requifite  in  thefe  operations,  much  better  than  the 
clay  alone. 

A clear  idea  may  be  obtained  of  this  fpe'cies  of  gage, , by  conceiving  two 
rulers  or  flat  pieces  a quarter  of  an  inch  thick  fixed  flat  upon  a fmooth  flat 
plate,  a little  further  afunder  at  one  end  than  at  the- other;  fo  that  they  may 
include  between  them  a long  converging  canal,  in  which  a piece  of  metal  ■ 
is  lo  adjufted  as  to  fit  exadly  at  the  wider  end  of  the  canal,  which  is  di- 
vided on  one  fide  into  a number  of  fmall  equal  parts,  and  which  may  be 
confidered  as  performing  the  offices  both  of  the  tube  and  fcale  of  the  com- 
mon thermometer.  When  a piece  of  metal  is  heated  to  an  exad  equality 
with  the  gage,  the  excefs  of  the  expanfion  of  one  above  the  other  can  be- 
meafured,  which  is  fufficient  for  purpofes  where  only  an  uniform  and  gra*. 
duated  effed  of  fire  is  required. 
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In  order  to  obtain  a correfponding  interval  between  Fahrenheit’s  thermo- 
meter  and  this  intermediate  Scale,  the  (liver-piece  and  gage  were  laid  to- 
gether for  fome  time  in  fpri-ng  water,  of  the  temperature  of  50°  of  Fahren- 
heit: the  point  which  the  piece  went  to  in  this  cold  date  was  marked  (o) 
near  the  narrow  end  of  the  gage. 

The  heat  of  boiling  water  was  taken  without  difficulty,  by  keeping  the  appa- 
ratus in  boiling  water  itfelf  during  a fufficient  fpace  of  time  for  the  full  heat 
to  be  communicated  to  if.  The  expanfion  of  the  filver  by  this  heat,  that  is, 
by  an  increafe  of  the  heat  from  50°  to  2120,  or  a period  containing  162°  of 
Fahrenheit,  was  juft  8°  of  the  gage  or  intermediate  thermometer ; whence  one 
of  thefe  degrees,  according  to  this  experiment,  contains  juft  20°^  of  Fahrenheit. 

For  the  boiling  heat  of  mercury,  it  was  neceftary  to  proceed  in  a different 
manner;  not  to  convey  the  heat  from  the  mercury  to  the  instrument,  but  to 
convey  it  equally-to  them  both  from  another  body.  Mr.  Wedgwood,  therefore, 
made  a Small  veffel  for  holding  the  mercury  in  the  gage  itfelf.  The  plate 
which  forms  the  bottom  of  the  canal,  Serves  alfo  for  the  bottom  of  the  veffel, 
which  is  Situated  clofe  to  the  fide  of  the  canal,  and  as  near  as  poffible  to  that  part 
of  it  in  which  both  the  filver-piece,  and  the  divifions  required  for  this  particular 
experiment,  are  contained. 

The  gage,  with  Some  mercury  in  the  veffel,  was  laid  upon  a Smooth  and 
level  bed  of  Sand,  on  the  bottom  of  an  iron  muffle  kept  open  at  one  end  ; 
the  fire  increafed  very  gradually  till  the  mercury  boiled,  and  then  continued 
Steady,  fo  as  juft  to  keep  it  boiling  for  a considerable  time.  The  boiling  heat 
of  mercury  was  thus  found  to  be  27°^  of  the  intermediate  thermometer,  which 
anfwering  to  an  interval  of  550°  of  Fahrenheit,  makes  one  degree  of  this  equal 
to  juft  2o°  of  his. 

The  next  object  to  be  afcertained  was  an  interval  of  correspondence  between 
this  intermediate  gage  and  the  thermometer  for  Strong  fire. 

In  thefe  experiments  Mr.  Wedgwood  found  it  was  impoffible  to  obtain  in  com- 
mon fires,  or  in  common  furnaces,  an  uniform  heat  through  the  extent  even  of 
a few  inches.  He,  therefore,  had  recourfe  to  the  fire  of  an  enamelling  oven, 
which  was  of  Such  a magnitude  as  to  exceed  perhaps  fome  hundreds  of  times 
the  bulk  of  the  matters  required  to  be  heated.  A muffle  being  placed  in  this 
furnace,  the  gage  was  fixed  in  it  as  before  with  the  filver-piece.  Some  of  the 
clay  thermometer  pieces  were  Set  on  end  upon  the  filver-piece,  with  that  end  of 
each  downwards  which  is  marked  to  go  foremoft  in  meafuring  it;  that  is,  they 
were  in  contact  with  the  Silver  in  that  part  of  their  furface  by  which  their  mea- 
fure  is  afterwards  afcertained. 

The  fire  about  the  oven  was  Slowly  increafed  for  fome  hours,  and  kept  as  even 
and  ftcady  as  poffible.  Upon  opening  a Small  door,  which  had  been  made  for 
introducing  the  apparatus,  and  looking  in  from  time  to  time,  it  was  obferved 
that  the  muffle,  with  the  adjacent  parts  of  the  oven  and  ware,  acquired  a vifible 
rednefs  at  the  fame  time ; and  in  the  progrefs  of  the  operation,  the  eye  could 
not  diftinguifh  the  lead  diffimilarity  in  the  afpetft  of  the  different  parts  ; whereas 
•in  Small  fires,  the  difference  not  only  between  the  two  ends  of  the  muffle,  but  in 
much  lefts  distances,  is  Such  as  to  Strike  the  eye  at  once. 

When  the  muffle  appeared  of  a low  red-heat.  Such  as  was  judged  to  come 
fully  within  the  province  of  his  thermometer,  it  was  drawn  forward  towards  the 
door  of  the  oven ; and  its  own  door  being  then  nimbly  opened  by  an  affiftant, 
Mr.  Wedgwood  pufhed  the  filver-piece  as  far  as  it  would  go.  But  as  the  divifion 
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which  it  went  to  could  not  be  diftinguifhed  in  that  ignited  ftate,  the  muffle  was 
lifted  out,  by  means  of  an  iron  rod  palled  through  two  rings  made  for  that  pur- 
pofe,  with  care  to  keep  it  Heady,  and  avoid  any  lhake  that  might  endanger  the 
difplacing  of  the  filver-piece. 

When  the  muffle  was  grown  fufficiently  cold  to  be  examined,  he  noted  the 
degree  of  expanfion  which  the  filver-piece  flood  at,  and  the  degree  of  heat  fhewn 
by  the  thermometer-pieces  meafured  in  their  own  gage  ; then  returned  the  whole 
into  the  oven  as  before,  and  repeated  the  operation  with  a flronger  heat,  to  ob- 
tain another  point  of  correfpondence  on  the  two  fcales. 

The  firfl  was  at  2*1  of  his  thermometer,  which  coincided  with  66®  of  the 
intermediate  one  ; and  as  each  of  thefe  laft  has  been  before  found  to  contain  20 
of  Fahrenheit’s,  the  66  will  contain  1320;  to  which  add  50,  the  degree  of  his 
fcale  to  which  the  (o)  of  the  intermediate  thermometer  was  adjufted,  and  the  fum 
1370  will  be  the  degree  of  Fahrenheit’s  correfponding  to  his  2°f-. 

The  fecond  point  of  coincidence  was  at  6°~  of  his,  and  92°  of  the  interme- 
diate ; which  92  being,  according  to  the  above  proportion,  equivalent  to  1 840 
of  Fahrenheit,  add  5.0  as  before  to  this  number,  and  his  6°-^  is  found  to  fall  upon 
the  1890th  degree  of  Fahrenheit. 

It  appears  from  hence,  that  an  interval  of  four  degrees  upon  Mr.  Wedg- 
wood’s thermometer  is  equivalent  to  an  interval  of  520°  upon  that  of  Fahrenheit;  - 
and  confequently  one  of  the  former  to  130°  of  the  latter;  and  that  the  (o)  of 
Mr.  Wedgwood  correfponds  to  1077°-!  of  Fahrenheit. 

From  thefe  data  it  is  eafy  to  reduce  either  fcale  to  the  other  through  their  whole 
range;  and  from  fuch  reduction  it  will  appear,  that  an  interval  of  near 480°  re- 
mains between  them,  which  the  intermediate  thermometer  ferves  as  a meafure 
fbr;  that  Mr.  Wedgwood’s  includes  an  extent  of  about  32000  of  Fahrenheit’s 
degrees,  or  about  54  times  as  much  as  that  between  the  freezing  and  boiling 
points  of  mercury,  by  which  mercurial  ones  are  naturally  limited;  that  if  the 
fcale  of  Mr.  Wedgwood’s  thermometer  be  produced  downwards,  in  the  fame 
manner  as  Fahrenheit’s  has  been  fuppofed  to  be  produced  upwards,  for  an  ideal 
ftandard,  the  freezing  point  of  water  would  fall  nearly  on  8°  below  (o)  of  Mr. 
Wedgwood’s,  and  the  freezing  point  of  mercury  a little  below  8o°f;  and  that, 
therefore,  of  the  extent  of  now  meafurable  heat,  there  are  about  Vo-ths  of  a de- 
gree of  his  fcale  from  the  freezing  of  mercury  to  the  freezing  of  water;  8°  from 
the  freezing  of  u'ater  to  full  ignition;  and  160°  above  this  to  the  higheft  degree 
he  has  hitherto  attained. 

Mr.  Wedgwood  concludes  his  account  with  the  following  Table  of  the  effe<5ts 
of  heat  on  different  fubftances, . according. to  Fahrenheit’s  thermometer,  and  his 
own. 


Fahr. 

Wedg. 

Extremity  of  the  fcale  of  his  thermometer 

3^77* 

240° 

Greateft  heat  of  his  fmall  air  furnace 

21877 

160 

Call-iron  melts 

- 

17977 

130 

Greatell  heat  of  a common  fmith 

’s  forge* 

1 7327 

125 

Welding  heat  of  iron,  greatell 

- 

13427 

• 95 

— , lead 

- 

12777 

90 

Fine  gold  melts 

- 

5*3  7 

32 

Fine  filver  melts 

- 

47 1 7 

28 

Swedilh  copper  melts 

- 

4587 

27 

Brafs  melts  ' 

•t 

3807 

2 1 
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Heat  by  which  his  enamel  colours  are  burnt  on 

Red-heat  fully  vifible  in  day-light 

Red-heat  fully  vifible  in  the  dark 

Mercury  boils  - 

Water  boils  - 

Vital  heat  - 

Water  freezes  - 

Proof  fpirit  freezes 

The  point  at  which  mercury  congeals,  confequently 


Fahr. 

l857 

I077 

947 

600 

212 


Wedg. 


6 


o 


1 


o 


the  limit  of  mercurial  thermometer's,  about 


Tn  a fcale  of  heat  drawn  up  in  this  manner,  the  comparative  extents  of  the 
different  departments  of  this  grand  and  univerfal  agent  are  rendered  confpicuous 
at  a fingle  glance  of  the  eye.  We  fee  at  once,  for  inftance,  how  fmall  a portion 
of  it  is  concerned  in  animal  and  vegetable  life,  and  in  the  ordinary  operations  of 
nature.  From  freezing  to  vital  heat  is  barely  a five-hundredth  part  of  the  fcale; 
a quantity  fo  inconfiderable,  relatively  to  the  whole,  that  in  the  higher  ftages  of 
ignition,  ten  times  as  much  might  be  added  or  taken  away,  without  the  lead; 
difference  being  difcernible  in  any  of  the  appearances  from  which  the  intenfity  of 
fire  has  hitherto  been  judged  of.  From  hence  at  the  fame  time  we  may  be  con- 
vinced of  the  utility  and  importance  of  a phyfical  meafure  for  thefe  higher  de- 
grees of  heat,  and  the  utter  infufficiency  of  the  common  means  of  difcriminating 
and  eftimating  their  force.  Mr.  Wedgwood  adds,  that  he  has  often  found 
differences,  aftonifhing  when  confidered  as  apart  of  this  fcale,  in  the  heats  of 
his  own  kilns  and  ovens,  without  being  perceivable  by  the  workmen  at  the 
time,  or  till  the  ware  was  taken  out  of  the  kiln. 

PYROPHORUS.  By  this  name  is  denoted  an  artificial  product,  which 
takes  fire  or  becomes  ignited  on  expofure  to  the  air.  Hence,  in  the  German 
language,  it  has  obtained  the  name  of  luft-zunder,  or  air-tinder.  It  is  prepared 
from  alum  by  .calcination,  with  the  addition  of  various  phlogiflic  fubflances. 
Homberg  was  the  firft  that  obtained  it,  which  he  did  accidentally  in  the  year 
1680,  from  a mixture  of  human  excrement  and  alum,  upon  which  he  was  ope- 
rating by  fire.  This  chemiff,  upon  the  ftrength  of  fome  information  commu- 
nicated to  him,  was  endeavouring  to  extrad  by  diftillation  from  human  excre- 
ment an  oil  that  fhould  tranfmute  mercury  into  filver ; in  this  attempt,  however, 
he  was  difappointed,  as  might  naturally  be  expeded.  Lemeri  the  younger, 
afterwards,  in  the  year  1713,  fhewed  that  it  could  not  only  be  prepared  from 
this  fubftance,  but  alfo  (on  being  previoufly  mixed  with  alum)  from  various 
other  bodies,  that  are  capable  of  being  charred.  After  this,  M.  de  Savigny 
made  it  appear,  that  by  the  addition  of  any  inflammable  body  whatever,  a 
phofphorus  may  be  made  of  all  fuch  fubflances  as  contain  vitriolic  acid  com- 
bined either  with  earth,  or  with  alkaline  fait,  or  with  a metallic  fubftance. 
Notwithftanding  this,  the  preference  is  given  to  alum,  becaufe  its  earth  beft 
retains  the  vitriolic  acid  in  the  fire,  and  hence  the  operation  fucceeds  beft  with 


The  preparation  is  managed  in  the  following  manner : Three  parts  of  alum 

* In  this  article,  I follow  Wiegleb,  and  the  copious  and  excellent  notes  of  Dr.  Hopfoa,  and  his 
anonymous -friend  upon  the  chapter  on.Pyrophori, 
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are  mixed  with  from  two  to  three  parts  of  honey,  or  fugar ; and  this  mixture  is 
dried  over  the  fire  in  a glazed  bowl,  or  an  iron  pan,  diligently  ftirring  it  all  the 
while  with  an  iron  fpatula.  At  firft  this  mixture  melts,  but  by  degrees  it  becomes 
thicker,  fwells  up,  and  at  laft  runs  into  fmall  dry  lumps.  Thefe  are  triturated 
to  powder,  and  once  more  roafted  over  the  fire,  till  there  is  not  the  leaft  moif- 
ture  remaining  in  them,  and  the  operator  is  well  affured  that  it  can  liquify  no 
more:  the  mafs  now  looks  like  a blackifh  powder  of  charcoal.  • For  the  fake  of 
avoiding  the  previous  above-mentioned  operation,  from  four  to  five  parts  of 
burned  alum  may  be  mixed  direCtly  with  two  of  charcoal  powdered.  This  powder 
is  poured  into  a phial  or  matras,  with  a neck  about  fix  inches  long.  The  phial, 
which  however  mud  be  filled  three-quarters  full  only,  is  then  put  into  a cruci- 
ble, the  bottom  of  which  is  covered  with  fand,  and  fo  much  fand  is  put  round 
the  former  that  the  upper  part  of  its  body  alfo  is  covered  with  it  to  the  height  of 
an  inch;  upon  this  the  crucible,  with  the  phial,  is  put  into  the  furnace,  and 
furrounded  with  red-hot  coals.  The  fire  being  now  gradually  increafed  till  the 
phial  becomes  red-hot,  is  kept  up  fo^the  fpace  of  about  a quarter,  of  an  hour, 
or  till  a black  fmoke  ceafes  to  iffue  from  the  mouth  of  the  phial,  and  inftead  of 
this,  a fulphureous  vapour  exhales,  which  commonly  takes  fire.  The  fire  is 
kept  up  till  the  fulphureous  flame  is  no  longer  to  be  feen  ; upon  this  the  calcination 
muft  be  put  an  end  to,  and  the  phial  clofed  for  a fhort  time  with  a ftopper  of 
clay  or  loam.  But  as  foon  as  the  veffel  is  become  fo  cool  as  to  be  capable  of 
being  held  in  the  hand,  the  phial  is  taken  out  of  the  fand,  and  the  powder 
contained  in  it  transferred  as  fall  as  pofiible  from  the  phial  into  a dry  and  flout 
glafs  made  warm,  which  muft  be  fecured  with  a glafs  ftopper. 

For  the  production  of  this  pyrophorus,  it  is  neceffary,  according  to  Wiegleb, 
that  there  fhould  be  in  its  compofilion  a newly  generated  fulphur,  an  inflam- 
mable coal,  concentrated  matter  of  fire,  and  calcined  earth  of  alum,  or  fome 
other  fixed  body,  with  which  the  newly  generated  fulphur  may  unite.  Scheele 
concludes  from  his  experiments,  that  fixed  alkali  is  requifite  for  the  production 
of  pyrophorus,  and  mentions  the  following  as  proofs  of  it  : that  from  a mixture 
of  liver  of  fulphur  with  calcined  alum,  and  a little  powdered  charcoal,  he  ob- 
tained, after  calcination,  a good  pyrophorus.  The  fame  effeCt  took  place  when 
he  had  mixed  together  and  calcined  a fpoonful  of  finely  triturated  vitriolated 
tartar,  with  three  fpoonfuls  of  charcoal  reduced  to  a fine  powder;  both  thefe 
experiments  Wiegleb  found  to  be  juft  as  the  author  had  related  them ; but  never- 
thelefs  he  does  not  conceive  the  neceflity  of  fixed  alkali,  becaufe  there  are  alfo 
pyrophori  which  do  not  contain  any  fixed  alkali  at  all.  Probably  the  alkali 
ferves  only  to  retain  and  fix  the  fulphur  in  the  fame  manner  as  the  earth  of  alum 
does,  and  perhaps  does  this  better,  and  therefore  may  be  ufed  in  its  place  ; to 
which  purpofe  alfo  feveral  qther  fubftances  feem  to  be  adapted. 

The  opinions  of  philofophers  relative  to  this  phenomenon  -are  likewife  dif- 
ferent. Some  chemifts  have  pretended,  with  Savigny,  that  there  is  to  be  found 
in  the  pyrophorus  a highly  concentrated  vitriolic  acid,  which  greedily  attracts 
the  moifture  of -the  air,  and  is  by  this  means  fo  intenfely  heated,  that  the  fulphur, 
together  with  the  coaly  fubftance,  is  inflamed  by  it.  To  this  opinion  however 
Wiegleb  o'ojeCts,  becaufe  there  is  no  acid  in  the  pyrophorus  perceptible  to  the 
fenfes  ; on  the  contrary,-  this  fubftance  has  manifeftly  the  tafte  of  liver  of  fulphur, 
and  diflolves,  like  liver  of  fulphur,  without  affording  any  other  finell  than  that 
which  accompanies  every  folution  of  hepar  fulphuris.  For  if  an  uncombined 
acid  were  contained  in  it,  that  peculiar  volatile  and  fufibcating  fulphureous  vapour 
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muft  inevitably  be  perceived,  which  is  always  produced  upon  the  admixture  of 
an  acid  with  a folution  of  liver  of  fulphur.  And  he  demands,  in  what  part  of 
it  fhould  this  uncombined  acid  be  contained  ? The  quantity  of  acid  that  quits  the 
earth  of  alum  will  either  be  converted  into  fulphur,  or  muft  fly  off  from  the 
mafs  in  confequence  of  the  heat  employed  in  the  preparation.  If  it  be  faid  that 
it  remains  united  with  the  earth  of  alum,  in  this  cafe  it  would  not  be  a difengaged 
acid  ; and  its  property  of  rapidly  attracting  water,  and  confequent  incalefcence, 
which  have  been  adduced  as  the  caufes  of  this  phenomenon,  are  annihilated. 
This  cafe  is  alfo  impoffible  upon  the  whole;  as  an  aluminous  compound 
and  liver  of  fulphur  cannot  be  placed  in  contadl  with  each  other  without  the 
former  decompofing  the  latter,  and  accordingly  the  folution  of  pyrophorus  is 
precipitated  by  a folution  of  alum,  with  a difagreeable  odour.  There  muff 
therefore  necelfarily  be  another  reafon  for  the  inflammation  of  this  compound. 

Scheele  * expofed  pyrophorus  to  moift  phlogifticated  air,  without  obferving 
any  ignition  t©  enfue.  Mr.  Bewley  found  that,  notwithftanding  that  by  a 
repeated  calcination  of  vitriolated  tartar  and  charcoal  much  of  the  vitriolic  acid 
was  loft,  yet  a pyrophorus  might  be  obtained,  with  a frefh  addition  of  powdered 
charcoal,  and  even  with  the  addition  of  an  alkaline  fubftance  that  exceeded  the 
whole  of  the  acid  in  quantity.  Mr.  Bewley  obtained  a pyrophorus  likewife  from 
calcined  vitriol,  from  aluminous  earth  as  free  as  poffible  from  vitriolic  acid,  and 
from  crocus  martis,  by  the  calcination  of  thefe  fubftances  with  powdered  char- 
coal and  vegetable  alkali.  He  even  made  a good  pyrophorus  without  any  vi- 
triolic acid,  to  which  he  gave  the  name  of  alkaline  pyrophorus,  in  confequence 
of  his  having  obtained  it  by  the  calcination  of  the  coal  of  blood  with  vegetable 
alkali,  the  colouring  fubftance  of  which  had  been  already  extracted  for  the  pre- 
cipitation of  the  Pruffian  blue  ; whether  the  alkali  employed  was  common  alkali, 
or  purified  fait  of  tartar,  or  fixed  nitre,  the  refult  was  always  the  fame  : and  it 
appears  from  other  kinds  of  pyrophorus  which  do  not  contain  any  alum,  that 
there  are  other  fubftances  befiides  that  yield  pyrophoric  without  containing  the  leaft 
particle  of  vitriolic  acid. 

The  necefftty  for  the  prefence  of  moifture,  as  well  as  of  pure  air,  for  the  ae- 
cenfion  of  pyrophori,  appears  evident  from  Scheele’s  experiments.  This  great 
obferver,  having  made  the  air  in  a matras  thoroughly  dry  with  quick-lime,  and 
two  days  afterwards  put  fome  pyrophorus  in  it,,  could  not  perceive  that  it  even 
grew  warm.  On  the  other  hand,  when  he  put  a wetfponge  into  the  matras,  and 
carefully  clofed  the  latter,  the  pyrophorus  kindled  in  the  fpace  of  a few  minutes. 
The  pyrophorus,  however,  would  not  by  any  means  take  fire  in  phlogifticated  air.. 
On  the  other  hand,  Mr.  Bewley’s  experiment,  according  to  which  the  pyro- 
phorus kindled  on  dry  paper,  or  dry  lint,  and  fo  near  the  fire  that  fome  dry 
cauftic  alkali  placed  in  the  fame  fituation  did  not  get  any  moillure  from  the  air 
(and  likewife  on  a hot  iron,  plate),  feem  to  fhew  that  the  pyrophorus  will  kindle 
without  attracting  any  moifture  from  the  air  : but  here  it  may  be  fufficient  to  obr. 
ferve  in  general,  that  the  motion  of  the  heat,  which  is  excited  in  the  luminous 
pyrophorus,  is  the  caufe  of  the  accenfion  of  this  fubftance  ; and  this  motion  of 
the  heat  may  either  arife,  as  in  the  experiments  above-mentioned,  from  heat  apr 
plied  ab  extra,  or  (as  is  the  cafe  when  expofed  to  the  common  temperature  of 

* See  Scheele’s  Chemical  Obfervations  and  Experiments  on  Air  and  Fire,  tranllatcd  by  Dr.  Forfter,, 
fee.  8 1 . p.  128. 

f In  Prieflley’s  Experiments  and  Obfervations  on  Anyvoh  iii». 
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the  atmofphere)  by  attracting  the  moifture  of  this  latter.  Mr.  Bewley  thinks 
that  pyrophori  have  the  power  of  decompofing  the  atmofpheric  air,  and  of  at* 
trading  the  nitrous  air  from  it,  and  by  this  means  of  exciting  fuch  a heat  that 
the  inflammable  particles  of  the  pyrophorus  are  capable  of  being  kindled  by  it. 
He  founds  his  opinion  upon  various  experiments  of  Dr.  Prieftley,  who-,  with 
nitrous  acid,  obtained  from  feveral  fubftances  very  pure  vital  air;  as  likewife 
on  having  been  able  to  fet  fire,  by  means  of  nitrous  acid  a pyrophorus  that 
had  not  been  fufficiently  calcined.  All  pyrophori  are,  according  to  this  theory, 
nothing  but  perfectly  dry  alkalis  combined  with  phlogiftic  matter,  which,  in  con- 
fequence of  the  attraction  of  the  air,  emit  this  phlogiftic  matter,  when  this  laft 
immediately  feizes  the  nitrous  acid  exifting  in  the  air,  and  forms  a nitrous  ful- 
phur, that  is  very  eafily  decompofed,  and  is  kindled  in  confequence  of  the  heat 
produced  by  the  combination. 

Scheele  gives  the  following  explication  of  the  accenfion  of  pyrophori.  The 
liver  of  fulphur,  of  which,  together  with  charcoal,  this  preparation  confifts,  at- 
tracts the  phlogifton  that  has  been  extracted  from  the  charcoal  during  the  calci- 
nation. This  fubftance,  which  is  compofed  of  alkali,  phlogifton  and  fulphur, 
will  not  take  fire  without  moifture  and  dephlogifticated  air.  The  alkali,  which 
attracts  the  moifture  ftrongly,  is  rendered  incapable  by  it  of  retaining  the  phlo- 
gifton any  longer,  efpecially  as  empyreal  or  dephlogifticated  air  is  prefent,  a fub- 
ftance which  attracts  the  phlogifton  more  powerfully.  Now,  in  confequence  of 
the  empyreal  air  combining  with  the  loofely  adhering  phlogifton,  a quantity  of 
heat  is  generated,  which,  together  with  the  frefli  acceflion  of  empyreal  air, 
kindles  the  fulphur  and  charcoal,  and  afterwards  calcines  them. 

M.  Pilatre  de  Rozier  aflerts,  that  a certain  quantity  of  phofphorus  exifts  in 
the  pyrophorus,  and  is  the  caufe  of  its  inflammation : for  he  fuppofed  the  acid 
of  all  mucilaginous  fubftances  to  be  the  phofphoric  acid.  This  philofopher  ob- 
tained from  fifty-four  grains  of  flowers  of  fulphur,  thirty-fix  grains  of  charcoal 
made  of  willow,  and  three  grains  of  phofphorus,  a kind  of  pyrophorus  which 
took  fire  in  confequence  of  being  breathed  upon,  and  which,  on  the  addition  of 
twenty-four  grains  of  alkali,  emitted  a fulphureous  fmell,  fimilar  to  that  of  the 
aluminous  pyrophorus. 

Inftead  of  entering  into  tedious  difquifitionsfor  the  purpofe  of  examining  and 
confuting  thefe  feveral  opinions,  Dr.  Hopfon’s  friend  adduces  that  of  M.  Leon- 
hardi,  which  appears  to  him  to  be  the  mod  fatisfaClory  of  ‘any  hitherto  offered  to 
the  public.  <c  As  (fays  this  author),  befides  the  aluminous,  there  are  other  kinds 
of  pyrophori,  in  which  neither  phofphorus  nor  fulphur,  nor  liver  of  fulphur,  can 
be  fuppofed  to  exift,  we  muft  feek  for  fuch  an  explanation  as  fhall  be  equally 
adapted  to  them  all.  And  this  appears  to  me  to  be  found  in  the  inflammable 
air  which  is  kindled  by  the  heat  in  confequence  of  the  acceflion  of  the  refpirable 
air  to  it.”  This  theory  he  attempts  to  eftablilh  by  the  following  arguments  : 
“ A quantity  of  inflammable  air  is  actually  produced  in  the  preparation  of  the 
aluminous  pyrophorus  from  burned  alum,  and  a charred  vegetable  or  animal 
fubftance. 

I.  f‘  For  if  this  mixture  be  calcined  in  Bewley’s  method,  viz.  covered  up  with 
fand  in  a tobacco-pipe,  a fort  of  effervefcent  motion  may  be  obferved  in  the 
fand,  which  feems  to  arife  from  fomekind  of  air  that  is  extricated  from  it. 

JI;  “ If  the  pyrophorus  be  prepared,  as  it  ufually  is,  in  an  open  phial,  into 
which  confequently  the  external  air  can  enter,  a flame  is  produced,  which  is 
nothing  but  an  inflammable  air,  generated  by  the  vitriolic  acid  that  is  detached 
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from  the  alum,  and,  on  occafion  of  the  mafs  being  heated,  a<fts  upon  the  coal, 
and  (on  the  acceflion  of  the  external  air)  is  kindled  by  the  heat  fubfifting  near  the 
mouth  of  the  phial.  This  flame  is  likewife  the  mark  of  the  operation  being 
nearly  finilhed.  If  the  pyrophorus  be  calcined  till  it  yields  no  flame  at  all,  it  will 
never  be  good,  becaufe  all  the  inflammable  air  is  expelled.  If  the  calcination' 
be  difcontinued  before  the  flame  becomes  weak,  it  will  be  but  an  imperfect 
pyrophorus ; becaufe  the  alkali  contained  in  it  is  not  dry  enough  to  attrad  the 
moifture  in  the  air,  fo  as  to  generate  a fufficient  degree  of  heat.  If,  on  the  other 
hand,  the  procefs  be  difcontinued  at  the  time  that  the  flame  begins  to  get 
weaker,  a part  of  the  inflammable  air  remains  in  the  phial  upon  the  coaly  powder, 
and  is  abforbed  by  it,  if  the  evaporation,,  of  it  be  prevented  as  ufual.  For  it 
is  proved  by  the  Abbe  Fontana’s  experiments,  that  coals  abforb  all  kinds  of  air,, 
and  confequently  inflammable  air.  But  this  inflammable  air  being  but  very 
loofely  combined,  a very  low  degree  of  heat  will  be  able  to  kindle,  not  only  the 
inflammable  air  itfelf,  but  likewife,  by  means  of  it,  the  coal  and  fulphur  of  the 
pyrophorus ; whether  the  heat,  as  in  Bewley’s  experiments,  be  occafioned  ab 
extra, ’by  adual  fire  placed  at  forne  diftance,  or,  as  Bewley  likewife  experienced, 
by  pouring  upon  the  pyrophorus  a drop  of  the  concentrated  nitrous  acid  (which 
according  to  Scheele’s  experiments  cannot  decompofe  the  inflammable  air),  or, 
laflly  (as  takes  place  on  the  expofure  of  it  to  the  air),  in  confequence  of  the 
moifture  of  this  latter  being  attra&ed  by  the  alkali.” 

The  inflammable  air  contained  in  the  aluminous  pyrophorus  feems  to  be  of  the  na- 
ture of  hepatic  air,  as  an  odour  fimilar  to  that  of  this  air  is  obferved  to  arife  during 
the  burning  of  the  pyrophorus.  ‘The  pyrophorus,  when  kept  in  a loofe,  carelefs 
manner,  lofes  the  property  of  kindling  in  the  air,  becaufe  the  moifture  which  it 
has  flowly  and  gradually  attrafted  from  the  air  prevents  its  incalefcence  in  the 
air,  and  perhaps  becaufe  the  inflammable  air  in  part  evaporates.  But  a repeated 
calcination  will  reftore  to  it  this  property ; becaufe  it  renders  the  alkali  extremely 
dry,  and  makes  it  able  to  generate  heat  again  by  attracting  the  moifture  of  the 
air,  and  probably  alfo  there  is  a freflh  extrication  of  inflammable  air. 

The  fame  explication  will  hold  good  with  refpedl  to  every  kind  of  pyrophorus 
made  of  charcoal,  alkali,  and  calcined  vitriols,  or  vitriolic  neutral  falts,  and  even 
to  Mr.  Bewley’s  pyrophorus,  which’  confifts  of  alkali  and  charcoal.  This  is  con- 
firmed by  an  experiment  of  Scheele,  in  which,  by  diftilling  cauftic  alkali  and 
charcoal  together,  a quantity  of  inflammable  air  was  obtained,  free  from  fixed 
air. 

Befides  this,  other  compofitions,  which,  in  like  manner,  take  fire  on  expofure  to 
the  open  air,  have  been  by  degrees  made  known  to  us:  i.  The  fcoria  of  the 

martial  regulus  of  antimony,  as  well  crude  as  alfo  after  being  diflolved,  have 
been  obferved  to  take  fire  fpontaneoufly,  when  laid  upon  a hot  ftone,  or  in  the 
fun.  Of  the  truth  of  the  latter  cafe,  Wiegleb  fays  he  is  aflured  by  his  own  ex- 
perience. 2.  Some  aflert  that  they  have  obferved  an  inflammation  enfue  from 
honey  and  flour  calcined  according  to  the  rules  laid  down  above.  3.  According  to 
Geoffroy,  a calcined  mafs  of  three  parts  of  black  foap,  and  one  of  diaphoretic  an- 
timony has  been  known  to  take  fire  fpontaneoufly.  4.  Meuder  has  obferved,  that 
a pyrophorus  is  obtained  when  equal  parts  of  orpiment  and  iron  filings  are  fub- 
iimed  together,  and  ten  parts  of  this  fublimate  are  triturated  in  a mortar  along 
with  twelve  of  nitre  of  filver.  5.  A pyrophorus  is  produced,  according  to 
Penzky,  when  two  drachms  of  white  fand,  three  of  common  fait,  one  of  fulphur, 
two  of  oil  of  vitriol,  and  half  an  ounce  of  fpirit  of  fait,  are  mixed  together  and 
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diftilled  in  a glafs  retort.  In  this  operation  a fublimate  is  faid  to  be  obtained, 
which  burfts  out  in  flames,  as  foon  as  it  comes  into  contact  with  the  air.  6.  The 
fpontaneous  precipitate  of  oftiocolla,  from  a folution  of  ic  in  vitriolic  acid,  after 
having  been  feparated  by  means  of  a filter,  and  dried,  took  fire  in  a warm  place. 

7.  Pott  obferved  the  fame  phenomenon  in  the  earth  of  the  refiduum  after  the  diftil- 
lation  of  urine,  that  had  been  putrid  fora  confiderable  time.  8.  To  thefe  may 
alfo  be  referred  a mafs  compofed  of  equal  parts  of  fulphur  and  iron  filings ; 
which,  when  thoroughly  moiftened  with  water,  after  fome  time  grows  hot,  fwells, 
and  at  laft  breaks  out  into  vapour,  fmoke,  and  flame.  It  is  difficult  to  afcertain 
thecaufeof  thefe  and  feveral  other  fimilar  experiments,  becaufe  the  circum- 
ftances  attending  them  are  complicated,  and  perhaps  not  minutely  enough  re- 
lated. We  learn  however  by  this,  that  other  fixed  bodies  befides  may  have  the 
fame  effedt,  as,  in  the  uftial  mode  of  preparing  pyrophorus,  appears  to  be  produced 
by  the  earth  of  alum. 

Thofe  pyrophori  that  require  a heat  greater  than  that  of  the  ufua.l  temperature 
of  the  atmofphere  for  their  accenfion,  may  be  termed  imperfedt  pyrophori. 
They  may  be  compared  to  the  imperfedt  phofphori,  and  are  in  fadt  interme- 
diate fubftances  between  the  true  pyrophori  and  ordinary  combuftible  bodies. 
Moft  of  the  following  taken  by  Dr.  Hopfon  from  Mr.  Bucholz’s  paper,  in 
vol.  i.  of  the  Chemical  Annals,  are  of  a different  nature,  and  appear  to  be- 
the  refult  of  fermentation,  or  the  decompofition  of  water. 

With  a view  to  the  prevention  of  fires,  in  many  inftances  it  may  be  ufeful  to 
make  mention,  in  this  place,  of  certain  fubftances  which,  when  made  warm  to  a 
certain  degree,  or  merely  mixed  with  oils,  take  fire  and  are  deftroyed.  On  oc- 
cafion  of  a frigate  that  in  1781  took  fire  in  the  port  of  Cronftadt,  juft  as  (he  was 
preparing  to  fet  fail,  though  no  fire  had  been  made  in  her  for  five  days  before, 
Georgi,  of  the  Imperial  Academy  of  Peterfburgh,  made  a great  number  of  ex- 
periments, from  which  we  fhall  feledt  the  moft  remarkable.  He  impregnated 
gradually  three  pounds  of  Ruffian  lamp-black  with  five  pounds  of  boiled  hemp- 
feed  oil,  and,  after  having  left  the  mixture  expofed  to  the  air  for  about  five  hours, 
wrapped  it  up  in  a coarfe  linen  cloth.  This  mafs,  after  having  lain  in  a cheft  for 
about  fixteen  hours,  yielded  a very  offenfive  and  feemingly  putrid  fmell,  not 
much  unlike  that  of  boiling  oil.  Some  parts  of  the  mafs  grew  warm,  then  hot, 
and  emitted  a confiderable  quantity  of  vapour.  Thefe  vapours  were  watery,, 
and  by  no  means  inflammable.  Within  about  eighteen  hours  after  the  packet 
was  made,  fome  part  of  it  growing  warm  exhibited  fmoke,  a nd*im  mediately  after- 
wards was  adlually  ignited.  The  fame  happened  at  two  or  three  other  places; 
but  others  werefcarcely  warm.  The  fire  fpread  very  flowly,  and  emitted  a thick 
ftinking  fmoke.  M.  Georgi  then  taking  the  mafs  out  of  the  cheft,  and  laying 
it  on  a ftone  floor,  where  it  was  more  expofed  to  the  air,  a flame  about  fix  inches 
high  arofewith  much  fmoke  : whenever  any  openings  or  crevices  were  made  in 
the  mafs,  they  threw  out  vapours,  which  foon  after  took  fire.  The  mafs  being 
thrown  upon  the  floor,  broke  in  pieces,  and  a brifk  flame  arofe  on  a fudden  about 
three  feet  in  height,  which  foon  ceafed,  when  the  materials  continued  to  glimmer, 
at  firft  with  fmoke,  and  afterwards  without,  for  the  fpace  of  fix  hours.  The  whole 
was  confumed  in  about  eight  hours.  The  allies,  which  were  gray,  weighed,  when 
cold,  five  ounces  and  a half. 

In  another  experiment,  exatftly  fimilar  to  this  as  to  what  relates  to  the 
mixture  and  quantity  of  the  materials,  the  inflammation  did  not  take  place  for 
forty-one  hours  after  the  oil  had  been  imbibed  by  the  lamp-black.  In  general! 
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the  inflammation  took  place  much  fooner  in  fine  clear  days  than  in  rainy 
weather. 

In  another  experiment  he  impregnated  three  pounds  of  Ruffian  lamp-black 
with  three  pounds  of  hemp-feed  oil  unboiled,  and  the  inflammation  took  place  in 
thefpace  of  nine  hours.  Twelve  ounces  of  fine  German  lamp-black  mixed  with 
twenty- four  ounces  of  boiled  hemp-feed  oil,  did  not  grow  warm  till  after  feventy 
hours  were  elapfed  ; it  then  became  gradually  hotter,  and  emitted  vapours  which 
were  not  inflammable.  The  re-a&ion  of  the  materials  lafted  about  thirty-fix 
hours,  in  which  time  the  heat  was  fometimes  greater  and  fometimes  lefs,  till  at 
laft  it  ceafed  entirely.  He  made  a great  many  more  experiments  for  the  Board 
of  Admiralty  at  Peterfburgh  j of  which  the  refults  are  thefe.  The  inflamma- 
tion takes  place  much  fooner  when  Ruffian  lamp-black,  which  is  coarfe,  greafy, 
and  heavy,  is  impregnated  with  the  oil,  than  when  the  German  lamp-black, 
which  is  light  and  fine,  or  common  wood  foot,  is  employed  for  this  purpofe.  With 
regard  to  the  oils,  the  inflammation  only  happens  with  drying  oils,  either  boiled 
or  crude.  The  proportion  of  the  lamp-black  to  the  oil  differed  greatly  in  thefe 
experiments ; the  lamp-black  or  foot  took  fire  with  -rV  f -f  4-  equal  parts,  and 
even  with  twice  the  quantity  of  the  oil.  In  general  the  inflammation  depended 
more  upon  the  mode  of  mixing  the  ingredients  than  upon  the  quantity  of  them  ; 
and  alfo,  as  M.  Georgi  often  obferved,  upon  the  weather ; for  in  wet  weather, 
the  mafs,  after  growing  warm,  became  cold  again.  A pacquet  of  hemp,  of  about 
thirty  pounds  weight,  was  impregnated  with  a mixture  of  three  pounds  of  tallow 
and  three  pounds  of  hemp-feed  oil,  and  put  into  a baker’s  oven,  which  was  heated 
to  90  degrees  of  Fahrenheit ; on  taking  it  out  of  the  oven,  an  hour  afterwards,  it 
was  hardly  warm.  In  the  fpace  of  an  hour  after  this  it  began  to  fmoke,  and  in 
another  hour  the  fpontaneous  inflammation  took  place  j when  M.  Georgi  ob- 
ferved that  it  began  about  thefurface,  and  not  in  the  middle  of  the  mafs.  He 
attributed  much  to  the  dry  wind  that  blew  on  that  day.  The  pacquet  burnt  for 
the  fpace  of  five  hours  with  a vifible  flame. 

Subfequent  to  thefe  experiments  with  hemp  and  flax,  this  ingenious  philofo- 
pher  made  others  with  wool  : he  impregnated  twenty  pounds  of  wool  with  a 
mixture  of  two  pounds  of  hemp-feed  oil,  and  one  of  tallow  j after  having 
mixed  the  wool  equally  with  oil,  he  put  it  into  a fmall  baker’s  oven,  and  kept 
it  there  for  the  fpace  of  an  hour,  after  which  he  took  it  out,  and  fewed  it  up  in 
a mat.  The  pacquet  cooled  by  degrees,  and  remained  in  that  ftate  three 
days,  at  the  expiration  of  which  period  the  wool  was  found  quite  found  and 
entire,  and  the  fat  was  fo  thoroughly  imbibed  by  the  wool  that  it  was  fcarcely 
perceptible.  On  the  fame  wool  he  now  poured  a pound  of  hemp-feed  oil,  and 
put  it  again  into  a baker’s  oven,  of  which  the  heat  was  950  of  De  rifle’s  thermo- 
meter. After  remaining  there  an  hour,  it  was  tied  up  in  a coarfe  linen  cloth, 
and  laid  on  fome  wood  in  the  laboratory.  A few  hours  after,  the  pacquet  grew 
warm  in  fome  places,  and  emitted  a flight  fmoke,  which  increafed  to  that  de- 
gree that  two  hours  afterwards  a fpontaneous  inflammation  took  place.  The  fire 
glimmered  flowly,  but  when  the  window  was  opened  it  burned  for  half  an  hour 
with  a low  flame ; in  the  fpace  of  forty-four  hours  it  ceafed  burning,  when  there 
remained  two  pounds  and  fix  ounces  of  coal,  and  two  pounds  of  very  fine 
alhes. 

He  made  a great  many  experiments  befides,  in  which  the  fpontaneous  inflam- 
mation took  place,  fuch  as  fteeping  cow-hair  and  wool  in  oil,  and  then  expofing 
them  to  a certain  degree  of  heat,  & c.  from  which  may  be  drawn  this  general  con- 
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clufion,  viz.  that  oils  mixed  either  with  vegetable  or  with  animal  fubftances, 
after  they  have  parted  with  all  their  water,  begin  to  take  fire.  The  heat  may 
either  have  been  occafioned  by  an  inteftine  motion,  as  is  the  cafe  when  oils  are 
mixed  with  coarfe  lamp-black,  or  with  black  wad,  where,  by  the  internal  hear, 
the  whole  of  the  fluid  previoufly  evaporates,  the  inflammation  not  taking  place 
till  the  water  is  evaporated ; or  elfe,  when  vegetable  or  animal  fubftances  are 
impregnated  with  oils,  when  the  oil  in  confequence  of  the  great  furface  given  it 
parts  with  its  water  fo  much  the  fooner,  and  thus  acquires  a folid  and  fubftantial 
body,  with  which  it  can  take  fire.  This  inflammation  takes  place,  as  Me  firs. 
Hagemann  and  Geller  have  obferved,  in  Crell’s  Chemical  Annals,  1784,  p.488, 
in  the  apothecaries  fhops,  in  oils  that  are  boiled  till  they  are  deprived  of  all  their 
water. 

M.  Georgi  alfo  roafted  barley-groats  and  rice,  and  he  found  that  the  larger 
the  grains  are,  the  lefs  they  are  difpofed  to  take  fire:  thus  coffee  roafted  brown 
and  bound  up  in  linen  did  not  kindle ; the  contrary  to  which  however  was  the 
cafe  with  ground  coffee,  which  took  fire  in  three  quarters  of  an  hour,  and  con- 
tinued fpreading  till  half  an  ounce  of  afhes  remained  out  of  two  pounds  of 
coffee.  In  order  to  fatisfy  himfelf  that  it  was  only  the  fize  of  the  coffee-berries 
that  prevented  the  mutual  adtion  of  the  component  parts,  the  above-rhentioned 
coffee  was  ground  and  roafted  again  tolerably  brown,  and  wrapped  up  in  linen. 
In  an  hour  after  this,  the  powder  took  fire.  Saw-duft  of  mahogany- wood  was 
roafted  over  a gentle  fire  till  it  was  of  a brownifh  hue,  and  kindled  in  a quarter 
of  an  hour  after  it  had  been  wrapped  up. 

Two  pounds  of  faw-duft  of  fir-wood,  on  account  of  the  different  fize  of  the 
particles,  became  partly  black  in  roafting,  and  partly  white.  After  being 
wrapped  up,  it  foon  loft  its  heat ; but,  an  hour  after,  the  heat  returned  with 
fmoke,  when  it  quickly  took  fire. 

In  order  to  know  whether  the  compreflion  of  vegetable  fubftances,  and  the 
modification  of  the  air  by  furrounding  them  with  linen,  were  effential  to  the’ 
fpontaneous  inflammation,  and  whether  a fpontaneous  inflammation  would  take 
place  without  the  obfervance  of  this  circumftance,  M.  Georgi  roafted  fome 
barley-coffee  till  it  was  brown,  which  he  put  into  a fhallow  pot,  without  covering 
the  latter  entirely  with  its  lid.  After  fourteen  hours  were  elapfed,  the  warmth 
of  the  pot  returned,  and  a fmoke  arofe.  There  was  no  fire  perceived  in  the 
dark;  the  infide  of  the  pot  however  had  a phofphoric  appearance,  and  paper 
and  bits  of  wood  foon  took  fire,  and  a knife,  upon  being  plunged  into  the 
mafs,  became  red-hot.  In  twenty-four  hours  the  fire  was  extinguifhed. 

The  following  remark  of  M.  Georgi  is  of  the  greateft  importance:  in  the 
drying  of  malt,  and  in  roafting  of  other  fubftances  of  a fimilar  nature,  the  malt 
or  other  materials  may  take  fire  of  themfelves,  in  a corner  of  the  kiln,  a long  time 
after  the  operation  is  finifhed,  and  that  even  in  the  open  air;  and,  without  giving, 
any  figns  of  accenfion,  except  a trifling  degree  of  fmoke,  burn  for  a con. 'icier- 
able  time,  and  do  a great  deal  of  mifchief.  — From  all  that  has  been  mentioned, 
it  appears  that  the  fmaller  kinds  of  grain,  as  well  as  flour,  faw-duft,  and  other 
minutely  divided  and  inflammable  fubftances,  when  taken  in  confiderable 
quantities,,  and  united  with  oily  matters,  are  capable  of  taking  fire  themfelves 
under  certain  cireumftances,  in  confequence  of  their  being  furcharged  with 
inflammable  particles,  as  well  as  of  an  inteftine  motion  and  mutual  aftion  in 
their  conftituent  parts,  by  which  the  inflammable  particles  are  difengaged. 
This  is  certainly  a very  remarkable,  and  hitherto  not  fufficiently  inveftigatecl 
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property  of  many  fubftances  appertaining  to  the  vegetable  and  animal  kingdoms, 
-the  knowledge  of  which  is  very  important  for  the  farmer,  the  manufadurer, 
and  artift. 

PYROTECHNICKS.  The  art  of  making  fire-works.  In  this  art  the 
chief  objeds  are  to  produce  a ftream  of  fire,  or  an  explofion.  Gun-powder  in- 
cluded in  a ftrong  paper  implement  affords  the  latter  effed ; the  latter  is  produced 
by  mixing  the  ingredients  of  gun-powder  together  in  different  proportions,  and 
pulverizing  them  without  wetting.  Thefe  burn  more  fiowly  than  grained  gun- 
powder itfelf.  A rocket  is  formed  by  ramming  this  compofition  into  a paper 
tube,  to  which  an  arrow  or  tail  is  conneded.  The  explofive  ftream  gives  the 
rocket  a progreffive  motion  by  its  re-adion.  Rockets  are  fometimes  ufed  in 
war;  but  as  they  are  moft  commonly  exhibited  for  mere  amufement,  it  is  ufual 
to  include  gun-powder  in  the  head  of  the  rocket  with  balls  of  a ftill  more  fiowly 
burning  compound,  with  additions  to  vary  the  colour  they  exhibit  at  the  inftant 
of  explofion,  and  for  a few  feconds  afterwards. 

Lights  are  alfo  made  for  fignals  and  ftation  marks.  But  as  all  thefe  objeds 
are  in  fome  meafure  remote  from  the  explanation  of  fcientific  chemiftry,  the 
reader  is  referred  to  treatifes  written  exprefsly  on  this  art.  See  Rocket. 
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QUADRUM,  a grit  done  with  a calcareous  cement.  When  it  contains 
about  50  per  cent,  or  more  of  filex,  it  belongs  to  this  fpecies ; it  corn- 
tains  alfo  a fmall  proportion  of  argill  and  iron ; it  hardens  by  expofure  to 
the  air,  and  then  ftrikes  fire  with  fteel,  and  effervefces  (lightly  with  acids:  it  is 
fometimes  cryftallized  in  rhomboids,  as  at  Fontainbleau.  One  hundred  parts 
of  this  contain,  by  the  experiments  of  Mr.  Laffone,  62,5  of  filex,  and  37,5  of 
mild  calcareous  earth. 

The  faxum  margariticum  of  Linnzeus  belongs  alfo  to  this  fpecies : it  confifts 
of  quartz  in  a calcareous  cement. 

QUARTATION,  is  an  operation  by  which  the  quantity  of  one  thing  is  made 
equal  to  a fourth  part  of  the  quantity  of  another  thing.  Thus  when  gold  allayed 
with  Elver  is  to  be  parted,  we  are  obliged  to  facilitate  theadion  of  the  aqua-fortis 
by  reducing  the  quantity  of  the  former  of  thefe  metals  to  one-fourth  part  of  the 
whole  mafs;  which  is  done  by  fufficiently  increafing  the  quantity  of  the  filver,  if 
it  be  neceflary.  This  operation  is  called  quartation,  and  is  preparatory  to  the 
parting  ; and  even  many  authors  extend  this  name  to  the  operation  of  parting.  See 
Farting. 

QUARTZ.  Some  chemifts  make  a diftindion  between  quartz  and  rock-cry- 
ftal.  Cronfledt  arranges  the  latter  as  a fpecies  of  the  former,  <es  does  Kirwan  alfo. 
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In  general,  thofe  cryftals  of  the  filiceous  order  which  are  clear  and  perfect  and  do 
not  crack  in  the  fire,  are  called  rock  cryftals.  See  Crystal,  Rock.  And  thofe 
which  are  coloured,  full  of  flaws,  rounded  and  irregular,  are  called  quartz. 

The  tranfparent  quartz  or  rock-cryftal  is  either  colourlefs  and  cryftallized  in 
hexagonal  pyramids,  and  then  called  mountain  cryftal,  or  in  various  other 
forms,  or  irregular.  Its  fpecific  gravity  is  from  2,65  to  2,7;  its  texture  is  lamellar 
and  . generally  Ihattery,  and  its  appearance  is  glaffy.  It  cracks  and  lofes  its  tranf- 
parency  when  heated ; it  poffefl'es  all  the  other  properties  of  pure  filiceous  earth. 
Bergman  has  extracted  from  100  parts  of  mountain  cryftal,  about  6 of  argil- 
laceous, and  1 of  calcareous  earth.  So  alfo  has  Mr.  Abilgaard,  quoted  by  Kirwati, 
Yet  Gerhard  fays,  that  fome  are  fo  pure  as  to  contain  neither.  He  alfo  fays, 
that  the  irregular  cryftals,  though  colourlefs,  being  long  digefted  in  acids,  afforded, 
when  treated  with  pure  Pruflian  alkali,  fome  traces  of  iron. 

The  pureft  and  moft  tranfparent  of  the'fe  cryftals  form  the  falfe  diamond, 
called  Briftol,  or  kerry-ftone,  diamant  d’Alen^n,  &c. 

The  coloured  tranfparent  cryftals  derive  their  tinge  generally  from  metallic 
; particles  in  exceeding  fmall  proportion;  they  all  lofe  their  qolour  when  heated -5 
thefe  form  the  falfe  gems.  The  moft  remarkable  are  the 

Red^  from  Oran  in  Barbary ; falfe  rubies. 

Yellow,  from  Bohemia;  falfe  topazes. 

Green  ; falfe  emeralds  and  prafes. 

^ ^rom  Bohemia  an<^  Saxony. 

It  is  faid  that  brown  cryftals  may  be  cleared  by  boiling  them  in  tallow. 

The  opake  quartz  or  pebbles  are  alfo  cryftallized,  or  irregularly  figured, 
■cither- white,  gray,  or  yellowifh,  or  tinged  of  other  colours  by  metallic  particles. 
The  former  are  lefs  pure  than  thofe  of  the  firft  feries,  containing  a larger  pro- 
pdkion  of  clay,  or  at  leaft  the  clay  is  lefs  perfectly  united  with  the  filiceous 
part.  Their  fpecific  gravity  is  from  2,4  to  2,7;  their  furface  either  rough, 
or  fmooth  and  (Fining,  the  laft  are  called  fat  quartz  : the  texture  either  lamellar 
or  granular ; they  crack  like  the  former  in  fire,  and  become  of  a duller  colour; 
when  rubbed  againft  each  other,  they  emit  a phofphoric  fmell.  They  are  often 
found  in  round  maffes  in  the  beds  of  rivers. 

The  coloured  opake  quartz  are  either,  1.  Black,  being  mixed  with  a large 
proportion  of  iron.  2.  Red,  According  to‘Cronftedt  they  contain  copper,  but 
Bergman  could  find  none  in  them.  3.  Blue,  from  Uto  in  Sweden.  And 
4.  Green,  found  at  Adelfdorfin  Sweden. 

Though  the  powdery  ftateof  other  ftones  does  not  deferve  any  particular  notice, 
yet  that  of  quartz  or  filex  does,  from  the  great  ufe  that  is  made  of  it,  and  from  its 
feeming  to  poffefs  properties  which  are  incompatible  with  it  in  a groffer  ftate.  It 
is  of  various  colours,  and  incapable  of  forming  a mafs,  or  hardening  with  water. 
The  pureft  is  white,  the  mi-ntite, particles  of  which,  when  infpedted  through  a lens, 
are  tranfparent.  It  is  feldom  perfedlly  pure.  Mr.  Acfiard  lays,-  that  the  fine  white 
land  of  Freyenwald,  which  is  ufed  for  the  porcelain  manufadtories,  contains  4 of 
its  weight  oftclay  and  calcareous  earth  ; but  Kirwan  is  inclined  to  fuppofe-,  that 
this  is  a petro-filex  in  powder. 

QUARTZ,  RHOMBIC.  See  Felt  Spar. 

QUERCITRON.  Dr.  Bancroft  has  made  known  the  ufe  of  the  bark  of  a 
kind  of  oak,  called  yellow  oak  in  New  England,  and  lias  obtained  an  exclulive 
■right  to  the  traffick  of  this  bark  in  France  and  England  : he  calls  it  quercitron. 

According  to  Dr.  Bancroft,  the  quercitron  bark  may  be  advantageoufly  fub- 
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ftituted  for  weld  in  the  printing  of  linens,  but  it  muft  be  only  fimply  infufed  in 
warm  water,  and  only  one  part  employed,  inftead  of  ten  of  weld. 

To  dye  wool  yellow,  Dr.  Bancroft  advifes  that  folution  of  tin  and  alum  fhould 
be  put  into  the  bath  with  the  quercitron.  Silk  ought  to  be  treated  in  the  fame 
manner  as  with  weld  : if  a very  bright  yellow  is  required,  it  muft  be  prepared 
with  folution  of  tin. 

It  appears  ‘from  fome  information  for  which  Berthollet  was  indebted  to  Mr. 
Brown,  that  many  manufacturers  of  printed  linens  in  England  at  prefent,  prefer 
this  bark  to  weld,  becaufe  it  is  considerably  cheaper,  and  the  ground  whitens 
more  eafily.  Some  find  it  advantageous  to  mix  a certain  proportion  of  decoc- 
tion of  weld  with  the  quercitron  bath,  which  fhould  be  expofed  to  only  a gentle 
heat.  M.  D’Ambourney  afferts,  that,  to  obtain  the  advantages  fet  forth  by  Dr. 
Bancroft,  the  wool  muft  be  firft  prepared  with  folution  of  tin,  and  then  his  pro- 
cefs  followed. 

QUICK-LIME.  There  is  in  nature  a kind  of  earths  and  ftones,  which  is 
fufceptible  of  being  changed  by  the  action  of  fire  into  the  fubftance  called  quick- 
lime, or  calx  viva ; whence  thofe  earths  and  ftones  are  called  calcareous,  or 
calculable.  This  kind  of  earth  appears  to  have  derived  its  origin  from  vegeta- 
bles and  animals,  but  efpecially  from  teftaceous  animals.  It  is  an  earth  very 
much  attenuated  by  the  action  of  organifed  bodies,  and  at  the  fame  time  com- 
bined with  a certain  quantity  of  water  and  gas,  which  make  with  it  an  earthy 
compound  of  a peculiar  nature.. 

The  method  of  converting  earths  and  ftones  into  quick- lime  is  very  fimple.. 
It  confifts  in  expofing  them  to  the  adtion  of  fire,  till  they  become  of  a white- 
red  heat,  and  in  keeping  them  in  this  degree  of  heat  during  twelve  or  fifteen, 
hours.  Good  quick-lime  may  alfo  be  made  with  a lefs  heat  longer  continued, 
or  in  lefs  time  with  a more  intenfe  heat;  but  care  muft  be  taken  that  the  heat 
is  not  fufhciently  violent  to  vitrify  the  calcareous  ftone.. 

We  may  know  when  the  calcination  is  finifhed  by  the  following  figns,  which 
at  the  fame  time  (hew  the  properties  that  diftinguifh  quick-lime  from  uncalcined 
calcareous  earths ; and  if  the  calcination  is  perfect,  thefe  properties  will  be  found, 
through  the  whole  fubftance  of  the  calcined  matter.. 

We  may  obferve  that,  by  calcination,  the  weight  of  the  ftones  is  reduced  to. 
about  one  half,  and  that  they  are  rendered  more  friable.. 

If  the  calcined  ftones  be  left  expofed  to  the  air,  they  gradually  crack  and  crum- 
ble into  a fine  white-  powder,  called,  lime  flaked  in.  the  air.  The  quick-lime,, 
while  it  crumbles  thus,  recovers  great  part  of  its  original  weight  before  calcina- 
tion, and,  as  its  parts  do  not  cohere,  its  bulk  is  confiderably  greater  than  that  of 
the  uncalcined  ftone. 

If,  while  the  ^quick-lime  is  newly  made  and  very  ftrong,.it  be  put  into  the 
water,  inftead  of  expofing  it  to  air,  it  prefently  cracks  and  fplits  with,  noife 
from  the  crevices  thus  formed  a hot  watery  vapour  exhales,  and  in  a.  very  little 
time  the  whole  quantity  of  quick-lime  crumbles,  and  is  reduced  to  as  fine,  a 
powder  as  if  it  had  been  a long  time  expofed  to  the  air..  All  thefe  effects  are  ac- 
companied with  a great  heat.  When  in  this  experiment  a fmall  quantity  only 
of  water  is  ufed,  that  is,  when  no  more  than  the  quantity  neceffary to  flake  the 
lime  is  added,  but  not  enough  to  dilute  it,  it  becomes  a white  impalpable 
powder  like  that  of  the  lime  flaked  in  the  air.  But  when  a larger  quantity  of  it 
is  employed,  a white  pafte  refults  from  it,  which,  although  very  fine,  and  co- 
hering in  a certain  degree,  has  not  the  ductility  of  clay.  Water  poured  copi- 
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oufly  on  this  pafte  before  it  dries,  eafily  dilutes  it,  and  the  fine  particles  of  the 
lime,  may  be  kept  fufpended  by  agitation,  and  give  a milky  white  appearance  to 
the  water.  But  this  earthy  powder  is  foon  depofited  to  the  bottom  of  the  veflel 
in  form  of  a white  fediment,  and  the  water  above  it  becomes  quite  clear. 
This  water,  called  lime-water,  has  a very  diftindt  alkaline  tafte,  and  which  is 
even  acrid.  Upon  the  furface  of  the  water  a fine  earthy  pellicle  is  gradually 
formed,  called  cream  of  lime.  When  the  pellicle  is  removed,  another  will  be 
formed  in  its  place,  and  thus  fucceflively  till  all  the  lime  which  had  been  dif- 
folved  in  the  water  is  thus  feparated. 

Accordingly  as  the  earth  thus  feparates  from  lime-water,  this  liquor  lofes  gradu- 
ally its  alkaline  tafte,  and  laftly  becomes  quite  infipid.  On  the  other  fide,  the 
cream  of  lime,  which  cannot  be  again  difiolved  in  water,  when  well  wafhed,  has 
not  any  alkaline  or  acrid  tafte.  This  decompofition  of  lime-water  does  not  take 
place  when  it  is  kept  in  full  and  well  clofed  bottles. 

Calcareous  earth,  or  crude  lime-ftone,  before  its  calcination,  prefents  none  of 
thefe  phenomena,  with  air,  or  with  water.  It  is  nearly  infipid,  and  water  dif-’ 
folves  fcarcely  any  of  it  according  to  Baume,  and  none  at  all  according  to 
Lavoifier. 

All  the  acids  are  capable  of  diflolving  quick-lime,  and  this  folution  is  accom- 
panied with  conliderable  heat,  but  without  effervefcence,  or  with  very  little, 
when  the  quick-lime  is  well  made.  They  form  with  this  earth  neutral  falts,  en- 
tirely fimilarto  thofe  made  with  uncalcined  calcareous  earths  : but  when  the  acids 
unite  with  thefe  uncalcined  earths,  they  produce  a violent  effervefcence,  which 
they  do  not,  as  has  been  already  remarked,  with  quick-lime. 

Lime-water  not  decompofed,  which  is  nothing  elfe  than  water  faturated  with 
quick-lime,  produces  the  fame  appearances  with  acids  and  other  fubftances  as 
the  quick-lime  itfelf,  excepting  that  its  combination  with  thefe  fubftances  is  not 
accompanied'  with  fo  much  heat. 

Quick-lime  and  its  folution,  that  is,  lime-water,  have  not  only  the  tafte  of  acri- 
mony, but  like  wife  the  other  properties  of  fixed  alkalis ; fome  of  which  proper- 
ties, however,  are  not  fo  ftrongly  marked  in  quick-lime  as  in  the  alkalis.  Thus 
quick-lime  changes  the  blue  colour  of  flowers  to  a green,  precipitates  all  metallic 
folutions,  and  even  fome  falts  with  earthy  bafes,  fuch  as  alum,  and  decompofes 
ammoniacal  falts,  from  which  it  difengages  the  volatile  alkali.  It  has  fome  ac- 
tion upon  oils,  fpirit  of  wine,  and  efpecially  upon  fulphur,  which  it  reduces  to 
an  hepar,  nearly  in  the  fame  manner  as  alkalis  do.  Thefe  alkaline  faline  pro- 
perties diftinguifh  quick- lime  from  uncalcined  calcareous  earths,  which,  how- 
ever, in  a very  fmall  degree,  poflefs  fome  of  the  fame  properties. 

Fixed  and  volatile  alkalis,  treated  with  quick-lime,  become  fluor,  deliquef- 
cent,  incapable  of  effervefeing,  cauftic,  and  capable  of  adting  like  folvents  on 
many  bodies,  efpecially  thofe  of  an  oily  nature,  with  much  more  force  and  ac- 
tivity than  in  their  ordinary  ftate  ; and  the  quick-lime,  by  thus  communicating 
caufticity  to  alkalis,  lofes  its  own  caufticity,  and  acquires  all'  the  properties  of 
uncalcined  calcareous  earth. 

Quicklime  which  has  been  flaked  in  water,  and  not  long  expofed  to  air,  pre- 
ferves  its  caufticity,  at  leaft  in  a great  meafure,  and  the  property  of  rendering 
alkalis  cauftic,  deliquefeent,  and  incapable  of  effervefeing. 

If  to  lime-water  be  added,  alkalis  that  are  effervefeing  and  not  cauftic,  or  the 
gas  which  efcapes  from  the  effervefcence  of  thefe  alkalis  or  uncalcined  calcareous 
earth,  or  the  gas  of  the  vinous  fermentation  j or  laftly,  if  lime-water  be  mixed 
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with  air  that  has  been  refpired,  or  in  which  any  combudion  has  taken  place  §. 
this  lime-water  will  be  rendered  turbid,  will  be  immediately  decompofed,  the 
lime  will  feparate  from  it,  and  precipitate  in  the  date  of  an  untoluble  calcareous 
earth,  deprived  of  all  caudicity,  eflervefcing  with  acids,  and  perfectly  like  un- 
calcined calcareous  earths : and  it  is  well  worth  remarking,  that  caudic  alkalis, 
whether  fixed  or  volatile,  do  not  precipitate  limewvater  • but  that  this  water 
may  be  precipitated  by  adding  fpirit  of  wine,  which  fpirit.  not  containing  any 
gas,  the  precipitate  produced  by  its  means  from  lime-water  is’ not  in  the  date, 
of  uncalcined  calcareous  earth,  but  in  the  date  of  quick-lime. 

The  earthy  precipitate  obtained  from  lime-water  by  eflervefcing  alkalis,  or  by 
the  feveral  kinds  of  gas  above  mentioned,  may  again  recover  its  caudicity,  its 
folubility,  and  all  the  other  properties  of  quick-lime,  by  two  methods:  i.  By 

expofing  it  to  fire,  in  the  fame  manner  as  calcareous  dones  are  converted  into 
quick-lime;  and  by  this  calcination  it  lofes  the  fame  proportion  of  water  and 
of  gas  as  thefe  dones  do  : 2,  By  didolving  it  in  an  acid,  and  precipitating  it 
from  the  folution  by  adding  a caudic  non-effervefcing  alkali ; and  in  this  manner 
alfo  crude  calcareous  earths  may  be  converted  into  quick-lime. 

By  fubjedting  calcareous  dones  to  calcination  in  an  apparatus  of  clofe  veflels, 
fo  that  whatever  is  expelled  by  dre  may  be  obtained,  Meflrs.  Hales,  Jacquin 
and  others,  and  mod  perfpicuoufly  Dr.  Black,  have  drewn,  1.  That  thefe  dones 
may  be  converted  into  quick-lime  without  the  concurrence  of  the  external  air, 
contrary  to  the  opinion  of  Van  Helmont  and  of  Daniel  Ludovic,  who  had  af- 
firmed the  contrary,  and  who  confidered  the  calcination  of  quick-lime  as  the 
combudion  of  an  inflammable  matter,.,  with  which,  they  believed  the  faline  parts 
of  calcareous  earths  were  enveloped.  2.  It  has  been  alfo-  fhewn  that,  during 
this  calcination  in  clofe  veflels,  a certain  quantity  of  aqueous  liquor  is  expelled 
from  calcareous  dones,  even  although  they  had  been  previoufly  well  dried. 
3.  JLadly,  it  is  found,  that  a confiderable  quantity  of  permanently  eladic  fluid 
is  difengaged  during  the  calcination,  and  that  this  vapour  is  the  fame  as  the  gas, 
which  is  expelled  by  adding  acids  to  calcareous  earth,,  and  which  occafions  the 
effervefcence  that  arifes  upon  miffing  thefe  fubdances.  See  Air,  Fixed. 

Quick-lime  is  of  great  ufe  in  building,  as  it  is  the  principal  ingredient  in  mor- 
tar, which  is  a mixture  of  quick-lime  flaked  with  water,  and  a certain  quantity 
of  fand,  or  of  pounded  burnt  clay.  This  mixture,  when  it  dries,  has  the  pro- 
perty of  becoming  folid  and  hard  to  a conftderable- degree,  which  renders  it  fit 
to  be  ufed  as  a cement  to  bind  together  the  Hones  of  a building. 

The  caufe  of  the  induration  of  mortar  maybe  naturally  deduced  from  the 
properties  of  quick-lime,  and.  efpecially  from  the  great  dnencfs  of  its  parts  when 
it  is  flaked.  The  extreme  divifion  of  the  parts  of  this  done,  which  are  thus  re- 
duced almoft  entirely  to  the  furface,  gives  them  an  opportunity  of  applying  them- 
felves  immediately  upon  the  furface  of  the  hard  parts  of  the  fand,  or  burnt  clay,., 
and  of  adhering  with  a force  proportionable  to  the  intimacy  of  contact. 

We  cannot  doubt  that  the  water,  which  neceflarily  enters  into  the  compofition 
of  the  mortar,  contributes  alfo  much  to  its  hardnefs.  For  if  we  diftil  the  olded, 
harded  and  dried  mortar  vvith  a heat  nearly  equal  to  that  ufed  in  the  calcination 
of  lime-done,  a good  deal  of  water  is  obtained  from  it,  and  it  lofes  at  the  fame 
time  its  confidence  and  hardnefs.  We  fee  every  day  in  laboratories  an  example 
of  what  happens  to  mortar.  When  lime-water  has  remained  during  feme  time 
in  open  veflels,  the  earth  of  the  lime  forms  an  incrudation  on  the  Tides  of  the  vef- 
fels;  and  this  incruded  matter  adheres.fo  dr.ongly  to  the  Tides  of.  the  veflel,  that  it 
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ocnnot  be  difengaged  by  rubbing,  without  at  the  fame  time  wearing  off  part  of 
the  furface  of  the  veffel. 

It  may  be  afked,  why  the  dried  pafte  of  quick-lime,  without  addition  of  find 
or  burnt  clay,  does  not  acquire  the  confidence  and  hardnefs  of  the  mortar, . as  is 
well  known  ? This  difference  proceeds  in  general  from  hence,  that  the  parts  of 
the  quick-lime  can  apply  themlelves  fooner  to  thofe  of  hard  bodies  than  they  can 
to  each  other  ; but  it  alfo  appears  probable  that  water  contributes  greatly  to  this 
effect.  The  phenomena  of  the  extinction  of  quick-lime-  in  water,  and  the  diffi- 
culty afcertained  by  M.  Duhamel’s  experiments  (Mem.  de  1’ Acad.  1747)  of 
depriving  quick-lime,  by  means  of  fire,  of  all  the  water  it  had  abforbed  during  its 
extinction,  demonftrate,  that  quick-lime  contracts  a very  ftrong  adhefion  to 
water.  . 

The  properties  of  the  mortar  fhew  of  how  much  confequence  perfet  drying  is 
to  the  goodnefs  of  this  compound.  After  many  refearches  into  the  means  of  in- 
creafing  the  folidity  and  hardnefs  of  mortar,  M.  Loriot  found,  that  this  effet 
could  be  produced  by  adding  to  mortar  a certain  quantity  of  quick- lime.  We 
cannot  doubt  that  the  fuperiority  of  this  new  mortar,  over  that  made  in  the  old 
way  with  flaked  quick- lime,  proceeds  from  this  caufe ; that  the  added  quick-lime 
diminifhes,  as  far  as  is  ufeful,  the  proportion  of  the.  water  remaining  in  the 
mortar. 

Mr.  Loriot’s  mortar  is  made  in  the  following  manner.  Take  one  part  of  very 
fine  brick-duff  well  lifted,-  two. parts  of  fine  river  fand  well  fcreened,  and  a fuf- 
frcient  quantity  of  flaked  lime,  to  form  a mortar which  muff  be  fo  wet  that  it  can 
flake  a quantity  of  quick-dime, in  powder,  equal  to  one  fourth  of  the  brick  duff 
and  fand  taken  together  : then  add  this  quick-lime  in  powder  to  the  brick-duff 
and  fand,  incorporate  them  well  with  the  wet  mortar,  and  ufe  the  mixture  di- 
rectly, as  the  fmalleft  delay  may  render  the  ufe  of  it  defective  or  impoffible. 

QUICKSILVER.  In  addition  to  what  has  been  faid  on  mercury,  and  the 
ores  of  mercury,  I fhall  here  add  the  commercial  ftate  of  that  article,  as  I find  it 
in  Mr.  Rafpe’s  Addrefs  to  the  Subfcribers  of  Baron  Rork’s  Work  on  the  Amalga- 
mation of  Gold  and  Silver  Ores. 

Of  the  Spanilh  quickfilver  mines  in  America  he  obftrves  that  he  has  little  to  • 
fay,  except  that  their  produce  is  more  than  wholly  ablorbed  by  the  gold  and  fil- 
ver  mines  in  South  America;  and  that  Spain,  fo  far  from  having  any  quickfilver 
to  export,:  is  on  the  contrary  under  the  neceffity  of  buying  vaft  quantities  to  fup- 
ply  the  American  mines,  whofe  confumption  of  quickfilver  muff  have  been  enor- 
mous hitherto,  as,  by  their  common  procefs  of  cold  amalgamation,  they  loft-i 5 oz. 
feir  each  marc  ot  filver.  It  is  fuppofed  to  be  annually  from  17  to  24,000  quin- 
tals (Ferb.  1.  1.  p.  82)  ; and  as  Spain  has  but  lately  contracted  with  the  Board  of 
Mining  at  Vienna  for  an  annual  fupply  of  10,000  quintals  of  quickfilver  from 
Idria  during  the  courfe  of  ten  years  to  come,  one  may  nearly  calculate  the  quick- 
filver produce  of  the  Span ifh  mines  in  America  and  at  Ahnaden.  Whatever  it 
be,  thefuccefs  of  the  procefs  of  amalmagation  in  Europe  muff  ultimately  depend 
upon  the  produce  of  the  quickfilver  mines  in  Europe,  which  are  in  Friuli, 
Tranfylvama,  riungary,  Carinthia,  Bohemia,  the  Palatinate,  and  Zwey brack. 

The  greateft  and  moft  productive  of  all  is  that  at  Idria  in  Friuli.  Formerly  its 
produce  was  between  2 and  3000  quintals ; and  though  the  prime  coft  was  but 
from  8 to  12  flor.  yet  by  contract  almoff  the  whole  produce  was  made  over,  for 
intereft  and  part  of  payment  of  a fum  of  money  negociated  in  Holland,  to  Meffrs. 
Goil  and  Company  at  Amfterdam,  aqthe  rate  of  150  flor,  allowing  that  Houfe  to  fell 
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it  at  the  rate  of  200  flor.  or  22I.  4s.  5^d.  and  obliging  all  the  fubjeds  of  Auftria 
to*buy  it  at  the  fame  price. 

When  this  contract  expired,  the  burthenfome  debt  of  Holland  being  dif- 
charged,  a lower  price,  that  of  110  flor.  was  fixed  upon  for  the  purpofe  of  un- 
derfelling the  quickfilver  mines  in  the  Palatinate  and  Zweybruck,  which  cannot 
raife  that  commodity  under  no  flor.;  and  the  more  effedually  to  prevent 
their  concurrency  in  the  market,  1,  3,  and  6 quintals  wore  allowed  gratis  as  an 
encouragement  to  the  buyers  of  lots  of  100,  200,  or  300  quintals.  But  the  pub- 
lic was  not  benefited  by  this  lower  price;  nor  were  the  Palatine  mines  materially 
hurt  or  flopt  by  it,  as  intended ; for  Meflrs.  Verbrug  and  Goll  at  Amfterdam, 
appointed  again  fadors  for  Idria,  *ook  all  the  quickfilver  at  that  lower  price, 
and  raifed  it  as  much  as  they  pleafed.  Such  was  the  ftate  of  the  quickfilver  trade, 
when  the  fuccefs  of  amalgamation  gave  it  a new  turn,  and  proved  a wonderful 
encouragement  to  the  quickfilver  mines  at  Idria.  The  works  were  pufhed  and 
extended  with  great  fpirit  and  exertion,  fo  that  the  annual  produce  of  Idria  is 
now  adually  16,000  quintals ; but  the  tarif  and  regulations  adopted  by  the  Board 
of  Mining  at  Vienna  are  rather  unaccountable.  By  a ten  years  contrad  with 
the  court  of  Spain,  10,000  quintals  are  annually  fold  to  Spain  at  the  rate  of  90 
flor.  or  19I.  The  Hungarian,  Bohemian,  and  Auftrian  quickmills  are  fupplied 
at  the  rate  of  no  flor.  or  12I.  8s.  Other  Auftrian  fubjeds,  or  plate-glafs  and 
cinnabar  manufadurers,  have  their  fupplies  at  the  rate  of  150  flor.  or  16I.  134s. 
fieri,  and  the  reft  of  Europe  at  the  rate  of  167  flor.  or  1 SI.  12s.  fieri.  From  afup- 
pofition  that  thus  the  fale  is  perfedly  fecured  to  Idria,  and  from  a fpirit  of  mo- 
nopoly, the  Auftrian  Board  of  Mining  gave  now  full  liberty  to  work  and  open 
other  private  quickfilver  mines  in  the  Auftrian  dominions,  with  an  offer  to  take 
any  quantity  of  their  produce  at  the  rate  of  100  flor.  or  1 1—  1.  fieri,  by  way  of  pre- 
emption ; which,  however,  none  of  thefe  mining  companies  will  make  ufe  of,  or 
agree  to,  as  perfedly  fure  of  the  better  medium  price  of  150  flor.  or  1 61.  I3fs. 
fieri,  in  the  general  market  of  Europe,  which  for  the  prefent  wholly  depends 
upon  the  unengaged  quickfilver  of  Idria,  the  produce  of  thefe  private  mines, 
and  of  thofe  in  the  Palatinate  and  Zweybruck. 

The  unengaged  quickfilver  of  Idria  is  not  annually  above  4000  quintals. 

That  of  the  mines  in  the  Palatinate  and  Zweybruck  is  from  800  to  1000. 

That  of  the  private  mines  in  Tranfylvania,  and  other  dominions  of  the  Houfe 
of  Auftria,  for  the  prefent  inconfiderable  and  uncertain  ; but  there  is  every  reafon 
to  think  that,  by  more  fpirited  exertion,  they  will  become  more  produdive. 
They  are  in  various  places  in  Tranfylvania  ; in  Upper  Hungary,  near  Rofenaw  ; 
in  Lower  Hungary,  between  Newfol  and  Cremniz  in  the  Orthuth  mountains, 
where  running  quickfilver  is  found  in  clay  immediately  under  grafs,  above  a feam 
of  coals,  as  alfo  native  cinnabar  in  quartz  ; in  Carinthia  near  Neumarktel,  and  in 
Bohemia  near  Shoenfeld,  and  at  Horfhoviz  and  Swata.  (Ferb.  1.  1.  p.  143.) 
Whatever  their  future  produce  and  the  future  fuccefs  of  the  mines  in  the  Palati- 
nate and  Zweybruck  may  be,  it  plainly  appears  that  hitherto  Auftria  has  wholly 
regulated  the  quickfilver  price,  and  to  all  appearances  will  regulate  it  by  its  very 
cheap  produces  at  Idria,  till  thefe  mines  fhall  be  exhaufted,  and  till  Spain  and 
other  kingdoms  can  provide  for  themfelves.  Mr.  Rafpe  concludes  by  expreffing 
his  fatisfadion  in  the  hope  that  Great  Britain  has  a chance  alfo  to  have  quick- 
filver mines  of  her  own,  nor  any  longer  in  that  refped  to  be  dependent  on  foreign 
regulations  f finance,  fpeculation,  and  monopoly. 

QUINQUINA.  See  Peruvian  Bark. 
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RAGG-STONE.  The  colour  of  this  ftone  is  gray ; its  texture  obfcurely  la- 
minar, but  the  laminae  confift  of  a congeries  of  grains  of  a quartz  appear- 
ance, coarfe  and  rough  ; its  fpecific  gravity  is  2,779  ; effervefces  with  acids, 
and  gives  fire  with  fteel.  It  is-ufed  as  a whetftone,  frequently  without  the  appli- 
cation either  of  water  or  oil. 

Whence  it  comes  to  us  I know  not,  but  its  appearance  refembles  the  pumice 
in  every  refpeCt  except  denfity,  in  which  this  greatly  exceeds.  Its  component 
parts  in  Kirwan’s  tables  are,  70  filex,  5 clay,  2.5  mild  calcareous  earth,  and  5 
iron,  as  he  thinks. 

RAIN.  See  Meteors. 

RAINBOW  STONE.  See  Moon-Stone.. 

RANCIDITY.  The  change  which  oils  undergo  by  expofure  to  the  air. 

Fixed  oil,  expofed  for  a certain,  time  to  the  open  air,  abforbs  the  vital  part,  and 
acquires  a peculiar  odour  of  fire,  an  acrid  and  burnt  tafte,  at  the  fame  time  that, 
it  becomes  thick  and  coloured.  If  oil  be  put  in  contact  with  vital  air  in.  a bottle, 
it  becomes  more  fpeedily  rancid,  and  the  air  is  abforbed.  Scheele  obferved  the 
abforption  of  a portion  of  the  air  before  the  theory  was  well  afcertained.  Oil  is 
not  fubjeCt  to  alteration  in  clofed  veflels. 

It  appear  , according  to  the  obfervation  of  Chaptal,  that  vital  air  combined 
with  the  mucilage,  conftitutes  rancidity  ; and  that,  when  combined  with  the  oil 
itfelf,  it  forms  drying  oil. 

The  rancidity  of  oils  is  therefore  an  effeCt  analogous  to  the  calcination  of 
metals.  It  eflentially  depends  on  the  combination  of-pure  air  with  the  extractive 
principle,  which  is  naturally  united  with  the  oily  principle.  This  inference  is 
proved  by  attending  to  the  procefles  u fed  to  counteract  or  prevent  the  ran- 
cidity of  oils. 

When  olives  are  prepared  for  the  table,  every  endeavour  is  ufed  to  deprive 
them  of  this  principle,  which  determines  their  fermentation;  and  for  this  pur- 
pofe  various  methods  are  ufed.  In  fome  places  they  are  macerated  in  boiling 
water  charged  with  fait  and  aromatics;  and  after  twenty-four  hours  digeftion, 
they  are  fteeped  in  clear  water,  which  is  renewed  till  their  tafle  is  perfectly  mild.. 
Sometimes  nothing  more  is  done  than  to  macerate  the  olives  in  cold  water;  but 
they  are  frequently  macerated  in  a lixivium  of  quick-lime  and  wood-afhes,  after 
which  they  are  wafhed  in  clear  water.  But  in  whatever  manner  the  preparation 
is  made,  they  are  preferved  in  a pickle  charged  with  fome  aromatic  plant,  fuch 
as  coriander  and. fennel.  Some  perfons  preferve  them  whole;  others  fplit  them,, 
for  the  more  complete  extraction  of  their  mucilage,,  and  in  order  that  they  may 
be  more  perfectly  impregnated  with  the  aromatics. 

All  thefe  procefles  evidently  tend  to  extraCl  the  mucilaginous  principle,  which  is 
foluble  in  water,  and  by  this  means  to  preferve  the  fruit  from  fermentation. 
When  the  operation  is  not  well  made,  the  olives  ferment  and  change.  Chaptal 
affirms,  that,  if  the  olives  be  treated  with  boiling  water  to  extraCt  the  mucilage 
before  they  are  fubmitted  to  the  prefs,  a fine  oil  will  be  obtained,  without  danger 
of  rancidity. 
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When  the  oil  is  made,  if  it  be  ftrongly  agitated  in  water,  the  mucilaginous 
principle  is  difengaged ; and  the  oil  may  be  afterwards  preferved  for  a long  time 
without  change.  The  author  above  mentioned  preferved  oil  of  the  marc  of 
olives,  prepared  in  this  manner,  for  feveral  years  in  open  bottles  -without  .any 
alteration. 

The  torrefa&ion  to  which  feveral  mucilaginous  feeds  are  fubjefted  before  the 
extraction  of  the  oil,  renders  them  lefs  fufceptible  of  change,  becaufe  the  mu- 
cilage Jias  been  deftroyed.  . . 

M.  Sieffert  has  propofed  to  ferment  oils  with  apples  or  pears,  in  order  to  de- 
prive rancid  oils  of  their  acrimony.  By  this  means  they  are  cleared  of  the 
principle,  which  had  combined  with  them,  but  now  becomes  attached  to  other 
bodies.  v - ' 

Mucilage  may  therefore  be  confidered  as  the  principle  of  the  rancid  ferment. 

RAPAK1V1.  See  Granite. 

REALGAR.  See  Orpiment. 

RECEIVER.  Receivers  are  chemical  veffels,  which  are  adapted  to  the  necks 
-or-beaks  of  retorts,  alembics,  and  other  diftillatory  veffels,  to  colled:,  receive, 
and  contain  the  produds  of  diftillations. 

Receivers  ought  to  be  made  of  glafs,  not  only  becaufe  this  matter  refills  the 
adion  of  the  ftrongeftand  mofl  corrofive  lubflances,  but  alfo  becaufe,  being  trans- 
parent, it  allows  the  operator  to  fee  through  it,  and  tojudge,  by  the  frequency  of 
the  drops,  if  the  diflillation  be  too  faff  or  two  flow,  and  alfo  if  the  quantity  and 
nature  of  the  fubftances  which  come  over  be  Rich  as  are  required, 

Almoff  all  receivers  are  a kind  of  bottles  of  different  fizes,  of  a fpherical  form, 
the  necks  of  which  are  cut  fhort,  and  each  of  which  is  pierced  with  a fmall  hole 
in  its  lateral  or  upper  part,  to  give  vent  to  the  air  or  vapours,  which  are  too 
expanfive.  Receivers  of  this'  form  are  called  balloons.  See  Balloon. 

Some  receivers  are  mattraffes  with  long  necks.  Thefe  are  generally  adapted 
to  the  beaks  of  glafs  alembics.  This  long  neck  ferves  to  keep  the  belly  of  the 
receiver,  where  the  liquor  is  colleded,  at  a proper  diftance  from  the  fire. 

Receivers  have  different  forms  for  particular  operations.  Such  are  thofe  which 
have  too  or  three  beaks,  either  to  be  adapted  to  other  receivers,  or  to  admit  at 
the  fame  time  the  necks  of  feveral  diftillatory  veffels,  when  the  intention  of  the 
operator  is,  that  the  vapours  of  different  fubftances  fhould  meet  in  the  fame  re- 
ceiver. Such  alfo  are  receivers,  for  effential  oils,  which  are  very  convenient  for 
the  diflillation  of  thefe  oils.  To  obtain  the  effential  oil  of  aromatic  plants,  thefe 
plants  muftbe  diftiiled  with  water.  The  plant  and  the  water  are  to  be  put  to- 
gether into  a cucurbit,  and  the  water,  which  is  to  receive  a boiling  heat,  rifes  in 
diflillation,  carrying  with  it  the  effential  oil,  which  alio  has  theproperty  of  riling 
with  this  degree  of  heat.  See  Oils. 

As  a large  quantity  of  water  muft  be  employed,  that  the  plant  may  always  be 
kept  immeifed  in  the  alembic,  and  confequently  as  a good  deal  of  it  rifes  in  pro- 
portion to  the  oil,  any  receiver  of  ordinary  fize  would  be  foon  filled  with  water 
with  a little  oil  floating  upon  its  furface ; and  would  require  to  be  frequently 
changed,  which  would  be  very  troublefome,  and  would  occalion  a lofs  of  part  of 
the  oil. 

Thefe  inconveniences  are  avoided  by  ufing  receivers  contrived  purpofely  for 
Rich  diftillations.  They  are  lo  made,  that  they  are  never  full,  but  that  the  water 
runs  out,  and  leaves  the  oil  behind.  They  are  a kind  of  glafs  cucurbits,  which 
.contradl  as  they  rife  higher  .;  fo  that  th.eir  neck,  or  upper  opening,  is  but  nearly 
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of  a convenient  fize  to  receive  the  beak  of  the  worm.  Thefe  receivers  have 
another  opening  about  the  middle  of  the  fwelling  or  belly  ; and  to  this  opening 
is  joined  a glafs  tube,  which  bends  and  rifes  vertically  along  the  outer  part  of  the 
receiver,  fo  as  to  be  within  two  inches  and  a half  as  high  as  the  upper  opening. 
At  this  height  the  tube  bends  again  towards  the  fide  oppofite  to  the  body  of  the 
receiver,  to  pour  into  another  veflel  the  liquor  which  rifes  there.  It  forms  the 
figure  of  S. 

When  this  receiver  is  to  be  ufed,  it  is  to  be  placed  vertically  under  the  beak 
of  the  worm.  During  the  diftillation,  the  liquor  rifes  to  an  equal  height  in  the 
body  of  the  receiver  and  in  the  crooked  tube:  when  therefore  the  height  of  the 
liquor  in  the  receiver  becomes  greater  than  the  height  of  the  tube,  it  mud  begin 
to  flow  from  the  mouth  of  this  tube  into  another  veflel  placed  on  purpofe  to  re- 
ceive it : but  as  effential  oils  are  either  lighter  or  heavier  than  water,  and  as  they 
are  therefore  always  collected  either  above  or  under  the  water,  and  as  the  liquor 
which  difcharges  icfelf  through  the  tube  is  taken  from  the  middle  part  of  the  re- 
ceiver, therefore  nothing  but  water  can  be  evacuated  at  the  mouth  of  the  pipe, 
while  the  oil  always  remains  in  the  receiver.  Thus,  with  fuch  a receiver, 
we  may  diftill  without  the  trouble  of  changing  the  veflfels ; which  is  certainly 
very  advantageous. 

RECTIFICATION,  By  rectification  is.  meant  the  exaCt  purification  of  cer- 
tain fubftances,  by  means  of  diftillation  or  fublimation. 

This  operation  is  neceflary  to  difengage  many  chemical  products  or  agents  from 
a mixture  of  extraneous  matters  which  deftroy  their  purity.  Thus,  for  inftance, 
vitriolic  acid,  when  firft  obtained  from  vitriol,  or  from  fulphur,  is  always  charged 
with  a confiderable  quantity  either  of  inflammable  matter,  which  renders  it  black 
and  fulphureons ; or  of  fuperabundant  water,  which  weakens  it.  It  is  feparated 
from  both  thefe  matters  by  a fecond  diftillation,  in  which  they  being  more 
volatile  than  the  acid,  are  carried  off;  which  fecond  diftillation  is  called  con- 
centration or  rectification  of  vitriolic  acid.  See  Concentration  of  Vitri- 
olic Acid. 

Alfo,  when  animal  and  vegetable  matters  are  decompofed  by  diftillation,  all  the 
portion  of  oil  that  is  not  volatile,  contained  in  thefe  fubftances,  does  not  rife  but 
with  a degree  of  fire  fo  ftrong  as  to  burn  a part  of  them,  and  to  raife  along  with 
them  a confiderable  portion  offaline  fubftances,  which  being  mixed  with  the  oily 
part,  confiderably  alter  its  purity.  To  purify  thefe  oils,  which  from  their  burnt 
fmell  are  called  empyreumatic,  new  diftillations  muft  be  applied,  in  which,  by 
means  of  a lefs  heat,  the  moft  volatile  and  pureft  part  of  thefe  oils  is  feparated 
from  the  moft  empyreumatic  and  faline  parts,  which  remain  at  the  bottom  of  the 
retort:  this  is  called  the  rectification  of  empyreumatic  oils.  See  Oil. 

The  ardent  fpirits  obtained  by  a firft  diftillation  of  liquors  which  have  under- 
gone the  fpirituous  fermentation  are  overcharged  with  a large  quantity  of  phlegm 
and  light  oil,  which  rife  along  with  them  in  this  firft  diftillation.  The  produCt  of 
this  diftillation  has  been  called  aqua  vitae.  It  isan  ardent  fpirit,  very  far  from  the 
degree  of  dephlegmation  and  purity  which  good  fpirit  of  wine  ought  to  have  to 
render  it  fit  for  chemical  operations,  and  for  feveral  compounds  commonly  ufed, 
fuch  as  perfumed  waters  and  liqueurs  for  the  table.  This  fpirit  of  wine  is  to  b£ 
purified,  or  rather  the  aqua  vitae  is  to  be  changed  into  fpirit  of  wine  by  new  diftilla- 
tions, flowly  conducted  with  a gentle  fire  and  water-bath  ; by  means  of  which  the 
moft  volatile  part,  that  always  rifes  firft  with  the  leaft  heat,  and  which  is  the  true 
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fpirit  of  wine,  is  feparated  from  the  lefs  volatile  part  that  remains  in  the  alembic, 
and  which  contains  the  phlegm  and  oil  of  wine  by  which  the  fpirit  of  wine  was 
rendered  impure.  The  firft  liquor  of  thefe  fecond  diftillations  or  rectifications  is 
called  rectified  fpirit  of  wine.  For  its  properties  fee  Spirit  (Ardent). 

When  only  afmall  quantity  of  fpirit  of  wine  is  to  be  rectified,  the  operation  is 
difficult,  efpecially  when  we  would  have  it  perfectly  rectified.  The  caufe  of  this 
difficulty  proceeds  from  the  very  fmall  quantity  of  the  firft  liquor  obtained  in  this 
rectification.  Several  chemifts,  to  obtain  a larger  quantity  of  the  firft  fpirit,  pro- 
pofe  to  mix  with  the  fpirit  of  wine  fome  intermediate  fubftances  to  abforb  and 
retain  its  phlegm  and  oil,  fuch  as  dried  and  calcined  falts,  very  dry  chalk,  &c. 
Kunckel  propofes  to  feparate  more  effectually  the  oil,  by  adding  to  the  fpirit  a 
large  quantity  of  water,  and  by  diftilling  this  diluted  fpirit  with  a very  gentle 
heat.  This  method  is  indeed  very  capable  of  facilitating  the  feparation  of  the 
oil  of  wine  from  the  fpirit  of  wine ; becaufe  this  oil  certainly  adheres  to  the  fpirit. 
Which  is  the  chief  obftacle  to  its  feparation  ; and  becaufe  the  fpirit  of  wine  has 
greater  affinity  with  water  than  with  oil  ; fo  that  when  it  is  diluted  with  much 
water,  it  quits  the  oil  to  unite  with  the  water.  This  experiment  of  Kunckel  is 
therefore  very  good  to  facilitate  the  feparation  of  fpirit  of  wine  from  the  oil 
which  renders  it  impure;  but,  on  the  other  hand,  when  it  is  praCtifed,  we 
are  afterwards  obliged  to  deprive  the  fpirit  of  wine  of  the  water  with  which 
it  was  diluted. 

All  this  trouble  and  inconvenience  may  be  avoided  by  rectifying  at  once  a 
large  quantity  of  aqua  vita;.  Nothing  more  is  required  to  obtain  at  once  a 
confiderable  quantity  of  pure  fpirit  of  wine,  than  to  fet  afide  the  twelve  or  fifteen 
pints  firft  drawn  over  from  a large  quantity,  fuppofe  from  three  hundred  pints  of 
aqua  vitas,  diftilled  with  a very  gentle  fire  in  a large  alembic.  As  the  moft  Ipi- 
rituous,  lead  aqueous,  and  leaft  oily  part  of  it  always  rifes  firft,  thefe  twelve  or 
fifteen  pints  are  perfectly  rectified -fpirit  of  wine,  efpecially  when  the  heat  has  been 
well  conducted.  By  thus  keeping  apart  portions  of  the  fpirit  obtained  at  different 
times,  we  may  have  fpirit  of  wine  of  the  feveral  degrees  of  ftrength  and  purity. 
The  weaker  fpirit  may,  by  another  diftillation,  be  again  rectified.  Laftly,  the 
fpirit  of  moderate  ftrength  may  be  preferved,  as  it  is  fit  for  many  ufes.  This  me- 
thod is  followed  by  Mr.  Baume  in  the  rectification  of  fpirit  of  wine,  and  is  cer- 
tainly the  moft  convenient  and  the  belt. 

The  volatile  falts  obtained  in  the  decompofition  of  certain  oily  fubftances,  as 
volatile  alkalis,  from  decompofed  animal  matters,  are  always  very  impure,  and 
Spoiled  by  much  fetid  empyreumatic  oil,  which  rifes  along  with  them.  They  are 
purified  and  difengaged  by  fubjeCting  them  to  new  diftillations  or  fublimations 
with  a well  conducted  heat.  The  fame  obfervation  is  applicable  to  butter  of  an- 
timony, artificial  cinnabar,  phofphorus,  and  to  many  other  chemical  products, 
which  are  always  impure  when  obtained  by  a firft  operation,  and  muft  therefore, 
be  purified  by  a fecond  diftillation  or  fublimation.  All  thefe  fecond  operations, 
intended  merely  to  purify  matters,  are  called  rectifications.  They  are  not  ge- 
nerally attended  with  much  difficulty.  We  fhall  not  therefore  enter  into  the  de- 
tails of  them  ; but  we  fhall  only  obferve,  that  all  rectifications  are  founded  upon 
tfie  fame  principle.  They  all  confift  in  feparating  fubftances  more  volatile  from 
fubftances  lefs  volatile  ; and  the  general  method  of  effecting  this  is  to  apply  only 
the  degree  of  heat  which  is  neceffary  to  caufe  this  feparation.  See  Distillation. 
and  Sublimation, 
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RED  CABBAGE.  Fortheufeof  this  as  a teft,  fee  Brasstca  Rubra. 

REDDLE,  or  Red  Chalk,  a calciform  ore  of  iron  commonly  ufed  as  a 
pigment. 

RED  LEAD.  See  Mini um. 

REDUCTION,  or  REVIVIFICATION.  This  wond,  in  its  moll  extenfive 
fenfe,  is  applicable  to  all  operations  by  which  any  fubftance  is  reftored  to  its  na- 
tural Irate,  or  which  is  con^tlered  as  fuch  : but  cuftom  confines  it  to  operations 
by  which  metals  are  reftoredto  their  metallic  Hate,  after  they  have  been  deprived 
of  this  ftate,  either  by  the  combuftion  of  their  phlogifton,  as  the  metallic  calces-, 
or  by  the  union  of  fome  heterogeneous  matters  which  dilguife  them,  as  fulmi- 
nating gold,  luna  cornea,  cinnabar,  and  other  compounds  of  the  fame  kind. 
Thefe  redudions  are  alfo  called  revivifications.  Macquer  has  explained  both 
thefe  kinds  of  redudion  very  perfpicuoufiy,  as  follows : 

The  redudion  of  metallic  calces  regards  only  impel  fed  metals  ; becaufe  thefe 
alone  are  fufceptible  of  lofing  their  metallic  properties  by  the  lofs  of  phlogifton. 
They  maybe  deprived  of  this  principle  by  the  adion  of  air  or  of  water,  which 
changes  them  to  ruft;  or  by  the  adion  of  acids,  particularly  of  the  nitrous 
and  vitriolic  ; or  laftly,  by  ordinary  calcination,  that  is,  by  combuftion  in  an 
open  fire. 

Metals  deprived  of  their  phlogifton  by  any  of  thefe  caufes  have  not  their 
peculiar  colour,  luftre,  dudility,  nor  even  confidence  and  gravity.  They  have 
the  appearance  of  earths,  the  parts  of  which  are  unconneded,  unlefs  th'ey  have 
fuftained  a fire  violent  enough  to  fufe  them ; and  then  they  become  brittle  vitri- 
fied matters. 

But  thefe  metallic  earths,  calces,  or  glafies,  are  capable  of  being  again  reftored 
to  the  combuftible  ftate,  and  of  recovering  all  the  metallic  properties.  For  this 
purpofe  their  calcination  muft  not  have  been  too  complete,  and  fome  other  com- 
buftible  matter  muft  be  applied  in  a ftate  favourable  for  combination.  Thefe 
calces,  particularly  of  fuch  metals  as  cannot  be  radically  calcined,  as  lead,  bifmuth, 
iron  and  copper,  may  recover  their  combuftible  ftate,  and  may  be  reduced,  evert 
without  fire  or  fufion,  merely  by  the  contad  of  volatile  inflammable  matter ; for 
inftance,  by  hepatic  air  of  liver  of  fulphur ; or  they  may  be  reduced  in  the  humid 
way,  that  is,  when  they  are  precipitated  by  fome  proper  fubftance.  See  Phos- 
phorus, alfo  Precipitate. 

But  we  muft  obferve,  that  metals  reduced  by  either  of  thefe  methods  are  only 
fuperficially  fo,  when  the  metallic  mafles  are  confiderably  large ; and  that  whtn 
the  metals  thus  reduced  confift  of  fine  molecules,  thefe  molecules,  though  well 
reduced  and  provided  with  all  their  metallic  properties,  remain  always  disjoined 
and  feparated  from  each  other  ; either  becaufe  they  are  not  fmall  enough,  or  be- 
caufe they  have  not  time  to  unite  and  agglutinate  together,  as  they  have  when 
they  are  combined  by  nature  ; for  metals  are  certainly  formed  naturally  by  thefe 
method#*,  but  the  operations  of  our  laboratories  are  very  different  from  thofe  of 
nature.  Accordingly,  in  pradical  chemiftry  a much  more  expeditious  method  for 
making  thefe  redudions  is  employed  ; which  is  fufion. 

The  redudion  of  metallic  calces  by  fufion  is  generally  a quick  and  eafy 
operation.  It  however  requires  certain  attentions  and  management ; which  are : 
1.  To  mix  accurately  the  metallic  calx  to  be  reduced  with  the  proper  quantity,  of 
the  combuftible  matter  which  is  to  reduce  it.  2.  To  add  to  the  mixture  fome 
faline  or  vitreous  matter  capable  of  facilitating  the  fufion  and  feparation  of  the 
reduced  metal  from  thefcoria.  3.  To  prevent  any  communication  with  external 
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afr,  that  the  inflammable  addition  may  not  be  burnt  and  confumed.  4.  To  keep 
the  fire  low  at  firft,  that  the  too  great  fwelling  which  is  generally  occafioned  by 
the  extrication  of  volatile  or  elaftic  matter,  may  be  prevented  ; and  to  raife  the 
fire  towards  the  end,  fo  that  not  only  the  metal,  but  alfo  the  fupernatant  fcoria, 
may  be  perfedlly  fufed.  For  if  the  fcoria  was  not  well  fufed  and  tenacious,  it 
would  retain  much  of  the  reduced  metal,  and  prevent  it  from  falling  down  to  the 
bottom  of  the  crucible. 

The  operations  mull  be  very  exa&ly  performed,  efpecially  in  eflays  of  ores,  in 
which  the  precife  quantity  of  metal  is  required  to  be  known.  Thefe  effays  of 
ores  are  in  fome  meafure  the  only  redudtions  of  this  kind  which  are  performed  in 
practical  chemiftry,  as  the  reduction  of  pure  metallic  caftes  differs  only  from  the 
former  in  requiring  a lefs  quantity  of  flux ; becaufe  thefe  calces  do  nor,  as  the 
ores  do,  contain  a difficultly  fufible  earthy  or  flony  matter  : we  therefore  refer  to 
the  article  Ores.  Here  it  may  be  obferved,  that  when  we  treat  very  volatile 
fern i- metals,  as  zinc  and  arfenic,  the  reduction  ought  to  be  made  in  veffels  perfectly 
clofe  ; for  inftance  in  an  earthen  retort.  We  find  thefe- metallic  matters  after  the 
reduction  fublimed  in  the  vault  or  neck  of  the  retort. 

The  reduction  of  metals  which  do  not  eafily  lofe  their  combuflible  ftate,  as 
gold,  filver,  and  mercury,  is  of  another  kind.  As  thefe  metals  can  only  be  dif- 
guifed  by  the  union  they  have  contracted  with  fome  heterogeneous  fubftance, 
they  are  to  be  reduced  limply  by  the  addition  of  fome  intermediate  fubftance 
capable  of  feparating  from  them  the  matter  which  is  united  with  them.  Thefe 
intermediate  fubftances  muft  therefore  differ  according  to  the  matter  united  with 
the  metal. 

For  inftance,  fulminating  gold  may  be  reduced  by  fufing  it  with  fulphur,  or 
with  fixed  alkali ; becaufe  either  of  thefe  fubftances  is  capable  of  feparating  the 
volatile  alkali,  which  gives  the  fulminating  property  to  gold.  See  Gold  (Ful- 
minating). Luna  cornea  alfo  is  reduced  by  fufing  it  with  a large  quantity,  as  for 
inftance  with  twice  its  weight  of  fixed  alkali ; becaufe  in  this  reduction  the  marine 
acid  united  with  the  filver  is  to  be  feparated,  and  the  fixed  alkali  is  capable  of 
effecting  that  feparation.  The  reduction  of  luna  cornea  is  attended  with  difficul- 
ties, becaufe  this  compound  is  femi- volatile  and  very  penetrating  fo  that  when 
it  is  expofed  to  fire,  fome  part  of  it  is  always  loft,  whether  it  exhales  in  vapours 
or  penetrates  the  crucible.  Several  chemifts  recommend  the  reduction  of  luna 
cornea  by  fufing  it  with  fat  matters,  which,  from  experience,  Macquer  declares 
to  be  a very  bad  method  ; for  the  marine  acid  has  a ftrong  affinity  with  filver, 
and  has  no  difpofition  to  unite  with  phlogifton,  or  even  with  fubftances  which 
contain  much  of  it.  See  Silver. 

Luna  cornea  may  alfo  be  well  reduced  by  precipitation,  and  by  treating  it  with 
other  metals  which  have  more  affinity  than  filver  with  marine  acid,  fuch  as  tin, 
iron,  regains  of  antimony.  Margraaf  gives,  in  his  Opufcules  Chemiques,  a pro- 
cefs  which  deferves  a place  here ; becaufe,  according  to  this  excellent  clftmift,  a 
very  pure  filver  is  obtained,  and  without  any  lofs.  It  confifts  in  mixing  well  in 
a glafs  mortar  luna  cornea  with  fome  concrete  volatile  alkali,  in  the  proportion  of. 
above  five  gros  of  luna  cornea  with  an  ounce  and  a half  of  volatile  fait,  to 
which  a little  water  is  to  be  added  to  give  to  the  mixture  a loft  confidence.  The 
mixture  fwells  with  a kind  of  efferve'fcence.  After  it  has  been  triturated  a quarter 
of  an  hour,  three  ounces  of  very  pure  mercury  revived  from  cinnabar  are  to  be 
added.  The  trituration  is  to  be  renewed  for  two  or  three  hours,  and  half  a gros 
of  volatile  alkali  is  to  be  added,  to  replace  that  which  is  diffipated  ; and  aftcr- 
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wards  a larger  quantity  of  water.  Upon  the  addition  of  this  water  appears  a fine 
amalgam  of  filver,  which  is  to  be  wa(hed  feveral  times,  till  the  water  comes  off 
clear.  This  amalgam  is  then  to  be  diftilled ; by  which  the  mercury  is  expelled, 
and  all  the  filver  which  was  contained  in  the  luna  cornea  remains  pure,  excepting 
about  four  grains  which  have  been  walhed  away. 

The  mercury  of  cinnabar  is  to  be  reduced  or  feparated  from  fulphur,  by  mix- 
ing with  the  cinnabar  any  fubftance  which  has  greater  affinity  with  fulphur  than 
mercury  has;  fuch  as  fixed  alkalis,  abforbent  earths,  iron,  copper,  lead,  filver,  or 
regulus  of  antimony.  Filings  of  iron  are  generally  employed  in  this  operation, 
an  equal  weight  of  which  is  to  be  mixed  with  the  cinnabar,  and  the  whole  diftilled 
together,  by  which  the  mercury  will  be  railed  and  colleded  at  the  bottom  of  the 
receiver  under  fome  water  placed  there  to  facilitate  its  condenfation.  The  ful- 
phur of  the  cinnabar  remains  in  the  retort  united  with  the  intermediate  fubftance 
employed  for  the  feparation.  This  mercury  is  called  mercury  revived  from  cin- 
nabar; and  is  juftly  confidered  as  very  pure. 

REFINING  is  a term  ufed  in  chemiftry  and  feveral  arts  to  fignify  the 
purification  of  fome  fubftance,  particularly  of  metals,  as  gold,  filver,  copper,, 
iron,  See. 

We  fh  all  here  treat  only  of  the  refining  of  gold  and  filver;  and  for  the  re- 
fining of  other  fubftances  we  refer  to  their  feveral  articles. 

Gold  and  filver  may  be  refined  by  feveral  methods,  which  are  all  founded  on 
theeffential  properties  of  thefe  metals,  and  acquire  different  names  according  to 
their  kinds.  Thus,  for  inftance,  gold,  having  the  property  which  no  other  metal, 
not  even  filver,  has,  of  refilling  the  adion  of  fulphur,  of  antimony,  of  nitrous 
acid,  of  marine  acid,  may  be  purified  by  thefe  agents  from  all  other  metallic  fub- 
ftances, and  confequently  may  be  refined.  Thefe  operations  are  diftinguifhed 
by  proper  names,  as  purification  of  gold  by  antimony,  parting,  concentrated 
parting,  dry  parting.  In  a fimilar  manner,  as  filver  has  the  property,  which  the 
imperfed  metals  have  not,  of  refilling  the  adion  of  nitre,  it  may  be  refined  by 
this  fait : but  the  term  refining  is  chiefly  applied  to  the  purification  of  gold  and 
filver  by  lead  in  the  cupel.  We  Ihall  therefore  treat  only  of  this  latter  manner 
of  purifying  thefe  metals,  referring  for  the  others  to  the  words  Purification 
and  Parting,  which  fee. 

The  refining  of  gold  and  filver  by  lead  in  the  cupel  is  performed  by  the 
deftrudion,  vitrification,  and  fcorification  of  all  the  extraneous  and  deftrudible 
metallic  fubftances  with  which  they  are  allayed. 

As  none  but  the  perfed  metals  can  refill  the  combined  ad  ion  of  air  and  fire,- 
without  burning,  that  is,  without  lofing  their  inflammable  principle,  according 
to  the  ancient  theory  of  combuftion,  or  combining  with  vital  air  according  to  the 
new,  and  are  by  that  means  changed  into  earthy  or  vitreous  matters-  incapable  oft- 
remaining  any  longer  united  with,  fubftances  in  a metallic  Hate;  there  is  then  a 
poffibility  of  purifying  gold  and  filver  from  all  allay  of  imperfed  metals  merely 
by  the  adion  of  fire  and  air;  only  by  keeping  them  fufed  till  all. the  allay  be 
deftroyed  : but  this  purification  would  be  very  expenfive,  from  the  great  con- 
fumption  of  fuel,  and  would  be  exceedingly  tedious.  Macqucr  fays,  he  has  feerv 
filver  allayed  with  copper,  expofed  longer  than  fixty  hours  to  a glafs-houfe  fire, 
without  being  perfedly,  refined : the  reafon  of  which  is, .that  when  a- final  L quan- 
tity only  of  imperfed  metal  remains  united  with  gold  or  filver;  it  is  covered  and 
proteded  from  the  adion  of  the.air  which  is  neceffary  for  the  combuftion  of  the 
imperfed  metals,  as  of.all  comhuftible  matters..  See  Calcination. 
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This  refining  of  gold  and -Fiver  merely  by  the  adion  of  fire,  which  was  the  only 
•.method  anciently  known,  was  very  long,  difficult,  expenfive,  and  imperfed  : but 
a much  (hotter  and  more  advantageous  method  has  been  difcovered.  This  me- 
thod confifts  in  adding  to  the  allayed  gold  and  filver  a certain  quantity  of  lead, 
and  in  expofing  afterwards  this  mixture  to  the  adion  of  the  fire.  Lead  is  one  of  the 
metals  which  lofes  mod  quickly  and  eafily,  enough  of  its  inflammable  principle 
to  ceafe  to  be  in  a metallic  fcate ; but  at  the  fame  time  this  metal  has  the  re* 
markable  property  of  retaining,  notwithflanding  the  adion  of  the  fire,  enough 
of  this  fame  inflammable  principle  to  be  very  eafily  melted  into  a vitrified  and 
powerfully  vitrifying  matter,  called  litharge.  See  Litharge. 

The  lead  which  is  to  be  added  to  the  gold  and  filver  to  be  refined,  or  which 
happens  naturally  to  be  mixed  with  thefe  metals,  produces  in  their  refining  the 
following  advantages:  i.By  increafing  the  proportion  of  imperfed  metals,  it  pre- 
vents them  from  being  fo  well  covered  and  protected  by  the  jperfed  rnetals.  2. 
By  uniting  with  thefe  imperfed  metals,  it  communicates  to  them  a property  it 
has  of  lofing  J^ery  eafily  a great  part  of  its  inflammable  principle.  3.  Lately,  by 
its  vitrifying  and  fufing  property,  which  it  exercifes  with  all  its  force  upon  the 
calcined  and  naturally  refradory  parts  of  the  other  metals,  it  facilitates  and  ac- 
celerates the  fufion,  the fcorification,  and  the  feparation  of  thefe  metals.  Thefe 
are  the  advantages  procured  by  lead  in  the  refining  of  gold  and  filver. 

The  lead,  which  in  this  operation  is  fcorified,  and  fcorifies  along  with  it  the  im- 
perfed metals,  feparates  from  the  metallic  mafs,  with  which  it  is  then  incapable 
of  remaining  united.  It  floats  upon  the  furface  of  the  melted  mafs;  becaufe,  by 
lofing  part  of  its  phlogiflon,  it  lofes  alfo  part  of  its  fpecific  gravity,  and  lafily  it 
vitrifies. 

Thefe  vitrified  and  melted  matters,  accumulating  more  and  more  upon  the  fur- 
face  of  the  metal  while  the  operation  advances,  would  confequently  proted  this 
furface  from  the  cOntad  of  air  which  is  absolutely  neceflary  for  the  fcorification 
of  the  reft,  and  would  thus  flop  the  progrefs  of  the  operation',  which  could 
never  be  finifhed,  if  a method  had  not  been  contrived  for  their  removal.  This 
-removal  of  the  vitrified  matter  is  procured  either  by  the  nature  of  the  veftel  in 
which  the  melted  matter  is  contained,  and  which  being  porous  abforbs  and  im- 
bibes the  fcorified  matters  asfaft  as  it  is  formed  ; or  by  a channel  cut  in  the  edge 
■of  the  velfel  through  which  the  matter  flows  out. 

The  veflel  in  which  the  refining  is  performed  is  flat  and  fliallow,  that  the  mat- 
ter which  it  contains  may  prefent  to  the  air  the  greateft  furface  poflible.  This 
form  refembles  that  of  a cup,  and  hence  it  has  been  called  cupel.  The  furnace 
ought  to  be  vaulted,  that  the  heat  may  be  applied  upon  the  furface  of  the  metal 
during  the  whole  time  of  the  operation.  Upon  this  furface  a cruft  or  dark-co- 
loured pellicle  is  continually  forming.  In  the  inflant  when  all  the  imperfed 
metal  is  deftroyed,  and  confequently  the  fcorification  ceafes,  the  furface  of  the 
perfed  metals  is  feen,  and  appears  clean  and  brilliant.  This  forms  a kind  of  fi- 
guration or  corrufcation.  By  this  mark  the  metal  is  known  to  be  refined.  If  the 
operation  be  fo  conduded  that  the  metal  fuftains  only  the  precife  degree  of  heat 
neceflary  to  keep  it  fufed  before  it  be  perfedly  refined,  we  may  obferve  that  it 
fixes  or  becomes  folid  all  at  once  inthe  very  inflant  of  the  corrufcation  ; becaufe  a 
greater  heat  is  required  to  keep  filver  or  gold  in  fufion,  when  they  are  pure,  than 
when  allayed  with  lead. 

The  operation  of  refining  may  be  performed  in  fmall  or  in  large  quantities, 
tipon  the  fame  principles,  but  only  with  lome  differences  in  the  management. 
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Large  quantities  of  filver  are  thus  purified,  after  the  operations  by  which  that 
metal  is  obtained  from  its  ores.  This  filver,  being  always  much  allayed,  is  to 
be  mixed  with  a fufficient  quantity  of  lead  to  complete  its  purification,  unlefs 
lead  has  been  added  in  its  firft  fufion  from  the  ore,  or  unlefs  it  has  been  extra&ed 
from  an  ore  which  alfo  contains  lead  ; in  which  latter  cafe,  it  is  allayed  naturally 
with  a fufficient  quantity,  or  more  than  fufficient,  for  the  refining  of  it.  See 
Ores  of  Silver.  One  of  the  ores  of  this  kind,  which  is  treated  in  the  beft 
manner,  is  the  ore  of  Ramelfiberg  in  Saxony.  The  feveral  operations  which  are 
praftifed  in  this  country,  abounding  in  mines  and  excellent  metallurgifts,  have 
been  exacftly  defcribed  by  Schlutter.  We  fhall  here  give  a fuccindt  extradt  of 
the  method  of  purifying  large  quantities  of  filver,  from  Hellot’s  tranflation 
of  Schlutter’s  work. 

The  workmen  give  the  name  of  the  work  to  the  lead  containing  filver,  ob- 
tained by  fmelting  the  ore  of  Ramelfberg.  The  firft  operation,  called  fining, 
upon  this  mafs  of  lead  and  filver,  is  performed  in  a furnace  called  a reverbera- 
tory furnace,  from  the  vaulted  form,  which  makes  the  heat  reverberate  upon  the 
furface  of  the  metal.  This  furnace  is, fo  conftru&ed,  that  the  flame  of  the  wood, 
which  is  put  in  the  fire-place  through  a hole  called  the  fire-hole,  is  diredted  fo  as 
to  circulate  over  the  work  within  the  furnace.  The  flame  is  thus  diredted  by  a 
current  of  air  which  is  introduced  through  the  afh-hole,  and  pafles  out  at  an 
opening  made  at  the  fide  of  the  place  where  the  work  is.  The  wood  is  con- 
fiderably  faved  by  this  diredtion  of  the  flame.  In  the  furnace  a large  cupel  or 
teft  is  to  be  difpofed.  This  teft  is  to  be  made  with  afhes  of  beech  wood  well 
lixiviated,  that  the  fait  may  be  wafhed  from  them.  See  Cupel.  In  fome  foun- 
deries  different  matters  are  added  to  the  afhes,  as  fand,  lime,  clay,  calcined  fpar 
or  gypfum.  We  may  obferve,  concerning  thefe  additions,  that  they  would  be  very 
injurious,  and  would  make  the  teft  melt,  if  a ftrong  heat  were  applied;  but  the 
heat  requifite  for  fining  is  only  moderate. 

When  the  teft  is  well  prepared  and  dried,  all  the  work  is  to'  be  put  into  it  at 
once,  which  is  generally  fixty-four  quintals : the  fire  is  then  to  be  made  in  the 
fire-place  with  faggots ; but  the  fufion  is  not  to  be  too  much  haftened,,  firft,  that 
the  teft  may  have  time  to  dry  thoroughly,  which  is  very  eflential  ; for  if  any 
moifture  remained  when  the  metal  is  melted,  an  expiofion  might  happen  : 
fecondly,  becaufe  the  work  of  the  ore  at  Ramelfberg,  and  of  moft  others,  is  ren- 
dered impure  by  the  mixture  of  many  metallic  matters,  which  ought  ro  be  fe- 
parated,  otherwife  they  would*fjaoil  the  litharge,  and  give  a bad  quality  to  the  lead 
afterwards  obtained  from  that  litharge.  Thefe  extraneous  matters  found  in  the 
work  of  Ramelfberg  are-,  copper,  iron,  and  matt.  As  thefe  fubftances  are  hard; 
and  refradory,  they  do  not  melt  fo  foon  as  the  work,  if  the  heat  be  moderate 
and  befides,  as  they  are  fpecifically  lighter  than  the  mixture  of  lead  and-  filver, 
they  float  upon  the  furface  of  thefe  two  metals  when  melted,  in  form  of  a pellicle 
or  fkin,  which  is  to  be  taken  oft'.  Thefe  impurities  are  called  thefcum  or  firft 
drofs.  The  remainder  forms  alfo  a fcum,  which- appears  when  the  work  has  re- 
ceived more  heat,  but  before  the  litharge  has  begun  to  form.  This,  is  a fcoria 
which  is  to  be  carefully  taken  off,  and  is  called  the  fecond  drofs. 

When  the  operation  is  come  to  this  point,  it  is  to  be-  continued  by  means  of 
bellows,  thejjairof  which  is  directed  notonthe  wood,  but  on  the  furface  of  the  metals, 
by  means  of  iron  plates  placed  forthat  purpofe  before  the  blaft-holc,  and  which  are 
called  papillons.  This  air  is  not  intended  to  increafe  the  fire,  but  to  facilitate  the 
combuftion  of  the  lead,  and  to  pufh  the  litharge  to  a channel  in  the  oppofife  fide 
of  the  left..  This  channel  is  called  the  way  of  the  litharge,  becaufe  through  this 
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■paffage  all  the  litharge,  which  is  not  imbibed  by  the  teft,  flows  out  of  the  fur- 
mace.  The  litharge  which  is  found  in  the  middle  of  the  largeft  lumps  is  friable, 
and  crumbles  into  powder  like  fand.  It  is  put  in  calks,  each  of  which  contains 
live  quintals  of  it,  and  is  fold  by  the  name  of  faleable  litharge.  The  quantity 
• of  this  is  about  one-half  or  one-third  of  the  whole  litharge  that  is  formed.  It  is 
•u fed  for  various  purpofes,  and  particularly  for  glazing  earthen  ware.  The  other 
part  which  remains  is  called  cold  litharge.  It  is  re-melted  and  reduced  to  lead. 
This  fufion  is  called  cold  fulion,  and  the  lead  produced  from  it,  called  cold  lead, 
;is  good  and  faleable,  when  the  work  has  been  well  purified  from  the  extraneous 
.matters  mentioned  above.  The  tefts  impregnated  with  litharge  are  added  to  the 
fame  kind  of  ore  when  fmelted ; becaufe  they  contain  not  only  much  litharge 
which  may  be  reduced  to  lead,  but  alfo  fome  filver,  in  all  refinings,  whether  in 
the  large  or  fmall  way,  as  Mr.  Tillet  obferves. 

When  about  two  thirds  of  the  work  are  converted  into  litharge,  no  more  li- 
tharge is  formed  : the  filver  is  then  covered  with  a fort  of  white  fkin,  which  the 
r-efiners  call  lightening : and  they  call  the  metal  lightened  filver,  or  fined  filver. 
The  filver  thus  fined  is  not  pure  : every  marc  of  it  contains  about  four  gros  of  lead  : 
the  purification  of  it  is  completed  in  the  ordinary  method  ; that  is,  by  a fecond  cu- 
pellatipn  with  a hotter  fire ; which  latter  purification  is  called  refining,  and  the  per- 
sons who  perform  it  are  called  refiners.  The  workmen  employed  in  this  firft 
operation  or  fining  give  improperly  the  name  lightening  to  the  white  Ikin  formed 
on  thefurface  of  the  filver,  when  brought  only  to  a certain  decree  of  finenefs ; for 
we  know  that  in  eflfays  the  lightening  or  corrufcation  above-mentioned  does  not 
appear  but  when  the  filver  is  perfectly  fine,  or  at  leaft  as  fine  as  it  can  be  made 
by  cupellation. 

A fining  of  fixty-four  quintals  of  work  of  Ramelfberg  yields  about  eight  or 
ten  marks  of  fine  filver,  thirty-five  or  forty  quintals  of  litharge,  that  is,  from 
twelve  to  eighteen  of  faleable  litharge,  from  twenty-two  to  twenty-three  of  cold 
litharge,  from  twenty  to  twenty-two  quintals  of  tefts,  and  fix  or  feven  quintals 
of  drofs.  The  operation  lafts  from  fixteen  to  eighteen  hours. 

If  the  filver  before  thefe  operations  was  allayed  by  gold,  it  retains  this  gold 
’{lill  after  the  fining  and  refining.  The  gold,  if  the  quantity  be  confiderable 
enough,  may  be  feparated  by  parting.  The  operations  for  the  purification  of 
gold  by  cupellation  are  perfectly  the  fame  as  thofe  of  filver.  If  the  gold  to  be 
fined  contains  filver,  this  filver  remains  with  it  after  the  operation;  becaufe  both 
thefe  metals  refift  the  adion  of  lead.  The  filver  may  afterwards  be  feparated  by 
parting. 

REFRACTORY.  This  word  is  applied  to  infufible  fubftances,  or  fuch  as 
cannot  be  fufed  by  the  heat  of  common  furnaces. 

REFRIGERATORY.  A refrigeratory  is  a copper  veflel  foldered  round 
the  capital  of  the  alembic.  Its  ufe  is  to  contain  cold  water,  which  is  to  be  re- 
newed when  it  is  heated,  and  the  hot  water  is  to  be  let  out  at  a cock  fitted  to 
the  refrigeratory  for  this  purpofe.  The  intention  of  this  renewal  of  the  water  of 
the  refrigeratory  is  to  keep  perpetually  cool  the  capital  of  the  alembic,  that  the 
vapours  of  the  liquor  which  rife  in  diftillation  may  be  condenfed  more  eafily  and 
more  quickly.  Thefe  refrigeratories  were  much  ufed  formerly,  and  all  alembics 
were  furnifhed  with  them  : but  modern  diftillers  find  that  this  veflel  is  not  at- 
tended with  the  advantages  it  was  formerly  believed  to  poflefs  ; for  the  diftillation 
cannot  fucceed  unlefs  the  capital  of  the  alembic  be  as  hot,  or  almoft  as  hot,  as 
the  cucurbit.  Mr.  Baume  obferved,  that  when  the  capital  was  cooled  by  very 
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-cold  water,  the  diftillation  is  foon  flopped,  and  does  not  again  begin  till  the 
capital  is  confiderably  heated. 

The  refrigeratory  has  for  thefe  reafons  been  much  neglected,  and  a worm  fub- 
ftituted  in  place  of  it,  which  is  indeed  a kind  of  refrigeratory,  but  different  from 
the  other  in  this  refped,  that  it  is  adapted  to  the  nofeof  the  alembic,  inftead  of 
furrounding  the  capital. 

This. remedy  appears  however  to  be  in  fome  meafure  inadequate,  becaufe  the 
head  produces  a confiderable  return  of  the  fpirir,  even  without  a refrigeratory. 
It  feems,  neverthelefs,  that  the  inconvenience  of  this  laft  addition  arifes  merely 
from  the  large  aperture  of  the  neck.  See  Spirit,  ardent. 

REGISTER.  Regifters  are  openings  in  different  parts  of  furnaces,  which 
are  to  be  (hut  occafionally  with  Hoppers  of  burnt  clay.  By  means  of  regifters 
we  may  govern  the  fire  as  we  pleafe  ; for,  by  opening  or  (hutting  them  properly, 
we  may  not  only  increafe  or  diminifh  the  adivity  of  the  fire,  but  alfo  we  may 
apply  its  adion  more  to  one  part  of  the  furnace  than  another,  by  giving  diredion 
to  the  current  of  air  which  paffes  through  it.  Notwithftanding  the  utility  of 
regifters,  they  are  much  negleded.  Many  Chemifts  have  difufed  regifters,  pro- 
bably becaufe  they  did  not  find  the  advantages  from  them  which  they  expeded. 
The  reafon  of  this  is,  that  regifters  have  hitherto  been  ill  made.  Their  princi- 
pal fault  is,  that  they  are  generally  too  fmall.  A regifter  cannot  have  its'proper 
effed  unlefs  it  have  an  opening  of  two,  three,  or  four  inches  for  a furnace  the 
internal  diameter  of  which  is  a foot:  but  we  frequently  fee  furnaces  of  eighteen 
or  twenty  inches  in  diameter  with  regifters  the  openings  of  which  are  fcarcely 
eight  or  ten  lines.  Befides,  all  thofe  who  ufe  furnaces  are  far  from  underftand- 
ing  their  conftrudion. 

REGULUS.  The  name  regulus  is  given  by  chemifts  to  metallic  matters 
when  feparated  from  other  fubftances  by  fufion.  This  name  was  introduced  by  all 
chemifts,  who,  expeding  always  to  find  gold  in  the  metal  colleded  at  the  bottom 
of  their  crucibles  after  fufion,  called  this  metal,  thus  colleded,  regulus,  as  con- 
taining gold  the  king  of  metals.  But  although  fince  the  cultivation  ofphilofo- 
phical  chemiftry  thefe  metallic  mafles  compofed  of  feveral  metals  mixed  together 
are  occafionally  called  by  this  name,  yet  it  is  more  particularly  applied  to  certain 
femi-metals  which,  having  no  proper  name,  generally  received  fuch  as  the 
regulus  of  antimony,  regulus  of  arfenic,  and  regulus  of  cobalt. 

RESIN.  The  name  of  refin  is  ufed  to  denote  inflammable  fubftances  foluble 
in  alcohol,  ufually  affording  much  foot  by  their  combuftion;  they  are  likewife 
foluble  in  oils,  but  not  at  all  in  water. 

All  the  refins  appear  to  be  nothing  elfe  but  volatile  oils  rendered  concrete  by 
their  combination  with  vital  air.  The  expofure  of  thefe  to  the  open  air,  and  the 
decompofition  of  acids  applied  to  them,  evidently  prove  this  conclufion. 

Refins  in  general  are  lefs  fweet  than  the  balfams.  They  afford  more  volatile 
oil,  but  no  acid  or  faline  matter,  by  diftillation. 

There  are  fome  among  the  known  refins  which  are  very  pure,  and  perfedly 
foluble  in  alcohol,  fuch  as  the  balm  of  Mecca  and  of  Copahu,  turpentines, 
tacamahaca,  elemi : others  are  lefs  pure,  and  contain  a fmall  portion  of  extrad, 
which  renders  them  not  totally  foluble  in  alcohol ; fuch  are  maftic,  fandarach, 
gtiaiacum,  labdanum,  and  dragon’s  blood. 

i.  The  balfam  of  Mecca  is  a fluid  juice  which  becomes  thick  and  brown  by 
age.  It  flows  from  incifions  made  in  the.amyris  opobalfamum.  It  is  known’ by 
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the  different  names  of  balm  of  Judea,  of  Egypt,  of  Grand  Cairo,  of  Syria,  of 
Conftantinople,  &c. 

Its  fmell  is  ftrong,  and  inclining  to  that  of  lemons  ; its  tafte  is  bitter,  and 
aromatic. 

This  balfam,  diftilled  by  the  heat  of  boiling  water,  affords  much  volatile 
oil. 

It  is  balfamic,  and  is  given  incorporated  with  fugar,  or  mixed  with  the  yolk 
of  an  egg.  It  is  aromatic,  vulnerary,  and  healing. 

2.  The  balfam  of  Copahu  flows  from  a tree  called  Copaiba,  in  South 
America,  near  Tolu.  It  affords  the  fame  products,  and  pofleffes  the  fame 
virtues  as  the  foregoing. 

3.  The  turpentine  of  Chios  flows  from  the  turpentine  tree,  which  affords  th& 
piftachios.  It  is  fluid,  and  of  a yellowifh-white  colour  inclining  to  blue. 

This  plant  grows  in  Cyprus,  at  Chios,  and  is  common  in  the  fouth  of  France.- 
The  turpentine  is  obtained  only  from  the  trunk  and  large  branches.  Incifions 
are  made  firft  at  the  lower  parts  of  the  tree,  and  afterwards  by  degrees  higher 
up. 

This  turpentine,  diftilled  on  the  water-bath,  without  addition,  affords  a very- 
white,  very  limpid,  and  very  fragrant  oil : a more  ponderous  oil  may  be  ex- 
tracted at  the  heat  of  boiling  water ; and  the  refidue,  which'  is  called  boiled- 
turpentine,  affords  by  diftillation,  in  the  reverberatory  furnace,  a weak  acid,  a 
frnall  quantity  of  brown  confident  oil,  and  much  coal. 

The  turpentine  of  Chios  is  very  rare  in  commerce.  Venice  turpentine  is  ex- 
tracted from  the  larix ; its  colour  is  a bright  yellow,  its  confidence  limpid,  its 
fmell  ftrong  and  aromatic,  and  its  tafte  bitter. 

The  tree  which  affords  it,  is  that  which  affords  manna.  Holes  are  bored  during 
the  dimmer  near  the  bottom  of  the  trunks  of  thefe  trees,  into  which  frnall  gutters 
or  tubes  are  inferted,  to  convey  the  juice  into  veflels  intended  to  receive  it.  The 
refin  is  obtained  only  from  trees  in  full  vigour ; the  old  trees  very  often  have 
confiderable  depofitions  of  refin  in  their  trunks. 

This  turpentine  affords  the  fame  principles  as  that  of  Chios. 

It  is  ufed  in  medicine  as  a detergent  for  ulcers  in  the  lungs,  kidneys,.  &c„ 
either  incorporated  with  fugar,  or  mixed  with  the  yolk  of  an  egg,  to  render  it 
more  mifcible  with  aqueous  potions.  The  foap  of  Starkey  is  made  with  this 
turpentine.  The  refin  known  in  commerce  by  the  name  of  Strafburgh  turpen- 
tine, is  a refinous  juice  of  the  confidence  of  a fixed  oil,  of  a yellowifh-white. 
colour,  a bitter  tafte,  and  a more  agreeable  fmell  than  the  preceding,  refins. 

It  flows  from  the  yew-leaved  fir,  which  is  very  common  in  the  mountains  of 
Switzerland.  This  refin  is  colle&ed  in  blifters,  which  appear  beneath  the  bark, 
in  the  ftrong  heats  of  dimmer.  The  peafants  pierce  thefe  veficles  with  the  point, 
of  a frnall  horn,  which  becomes  filled  with  the  juice,  and  is  from  time  to  time 
emptied  into  a larger  veflel. 

The  balm  of  Canada  differs  from  the  turpentine  of  fir  in  its  fmell  only, 
which  is  more  pleafant.  It  is  obtained  from  a fpecies  of  fir  which  grows  in 
Canada. 

Oil  of  turpentine  is  more  particularly  ufed  in  the  arts.  It  is  the  great  folvent 
for  all  refins  ; and  as  it  evaporates,  it  leaves  them  applied  to  the  furface  of  bodies 
on  which  the  mixture  has  been  fpread.  As  refins  are  the  bafis  of  all  varnilhes, 
alcohol  and  oil  of  turpentine  mud  be  the  vehicles  or  folvents. 
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4„  Pitch  is  a refinous  juice,  of  a yellow  colour,  more  or  lefs  inclining  to  brown. 
It  is  afforded  by  a fir  named  Picea  or  Epicea.  Incifions  are  made  through  the 
bark;  and  the  wound  is  renewed  from  time  to  time,  as  the  lips  become  callous. 
A vigorous  tree  often  affords  forty  pounds. 

Pitch  melted  and  expreffed  through  bags  of  cloth  is  rendered  purer.  It  is 
packed  in  barrels  by  the  name  of  white  pilch,  or  Burgundy  pitch. 

White  pitch  mixed  with  lamp- black,  forms  black  pitch. 

White  pitch  kept  in  fufion  becomes  dry.  The  deficcation  may  be  facilitated 
with  vinegar ; and  leaving  it  for  a time  over  the  fire,  it  then  becomes  very  dry, 
and  is  called  Colophony. 

Lamp-black  is  the  foot  of  burned  pitch.  It  is  likewife  prepared  by  colleft- 
ing  the  foot  of  pit-coal. 

5.  Galipot  is  a concrete  refinous  juice,  of  a yellowifh-white  colour,  aud  flrong 
fmell.  This  juice  comes  from  Guienne,  where  it  is  afforded  by  two  fpecies  of 
pine,  the  pinus  maritima,  major  et  minor. 

When  thefe  trees  have  acquired  a certain  fize,  a hole  or  notch  is  cut  through 
the  bark,  near  the  bottom  -of  the  trunk.  The  refin  iffues  out,  and  flows  into 
veffels  placed  beneath  to  receive  it.  Care  is  taken  to  keep  the  wound  open,  and 
to  renew  it.  The  refin  flows  during  the  fummer;  but  that  which  iffues  out 
during  the  fpring,  autumn  and  winter,  dries  againft  the  tree. 

The  pine  likewife  affords  tar,  and  the  oil  called  huile  de  Cade.  For  this  pur- 
pofe  the  wood  of  the  trunk,  branches,  and  roots,  is  heaped  together  and  covered 
with  turf,  over  which  a fire  is  lighted,  as  if  to  convert  them  into  charcoal.  The 
oil  which  is  difengaged,  not  being  at  liberty  to  efcape,  falls  to  the  bottom  into  a 
channel  or  gutter,  which  conveys  it  into  a tub.  The  moft  fluid  part  is  fold 
under  the  name  of  huile  de  Cade;  and  the  thicker  part  is  the  tar  ufed  for  paying 
or  painting  the  parts  of  (Lipping  and  other  veffels. 

The  combination  of  feveral  refins,  coloured  by  cinnabar  and  minium,  forms 
fealing  wax.  To  make  the  wax,  take  half  an  ounce  of  gum-lac,  two  drams  of 
turpentine,  the  fame  quantity  of  colophony,  one  dram  of  cinnabar,  and  the 
fame  quantity  of  minium.  The  lac  and  the  colophony  are  to  be  firfl  fufed, 
after  which  the  turpentine  is  to  be  added,  and  laftly,  the  colouring  matters. 

6.  Maftic  has  the  form  of  white  tares  of  a farinaceous  appearance,  having 
little  fmell,  and  a bitter  aft ringent  tafte.  Maftic  flows  naturally  from  the  tree, 
but  its  produce  is  accelerated  by  incifions.  The  leffer  turpentine  tree,  and  the 
lentifeus,  afford  that  which  is  met  with  in  commerce. 

Maftic  affords  no  volatile  oil  when  diftilled  with  water.  It  is  almoft  totally 
foluble  in  alcohol. 

This  refin  is  ufed  in  fumigations,  ft  is  chewed,  to  (Lengthen  the  gums; 
and  it  forms  the  bafis  of  feveral  drying  varnifties. 

7.  Sandarach  is  a concrete  refinous  juice,  in  dry  white  tranfparent  tares,  of  a 
bitter  and  aftringent  tafte.  It  is  obtained  from  moft  fpecies  of  the  juniper,  and 
is  found  between  the  bark  and  the  wood. 

Sandarach  is  almoft  totally  foluble  in  alcohol,  with  which  it  forms  a very  white 
varnifh,  that  dries  fpeedily.  For  this  reafon,  the  refin  itfelf  is  known  by  the 
French  under  the  name  of  varnifh  (vernis).  Sandarach  is  not  foluble  in  olive 
oil.  See  Sandarach. 

S.  Labdanum  is  a black  refinous  juice,  dry  and  friable,  of  a ftrong  fmell,  and 
a difagreeable  aromatic  tafte.  It  tranfudes  from  the  leaves  and  branches  of  a 
kind  of  ciftus  which  grows  in  the  ifland  of  Candia.  Tournefort,  in  his  voyage 
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to  the  Levant,  informs  us,  that  when  the  air  is  dry,  and  the  refin  iffues  out  of 
the  pores  of  the  ciftus,  the  peafants  ftrike  all  the  parts  of  thefe  trees  with  a kind 
of  whip,  made  of  feveral  thongs  of  leather  fixed  to  the  end  of  a ftaff.  The 
juice  adheres  to  the  leather,  and  is  cleared  off  with  a knife.  This  is  pure  labda- 
num,  and  is  very  rare.  That  which  is  known  by  the  name  of  labdanum  in 
tortis,  is  mixed  with  a very  fine  ferruginous  fand,  for  the'purpofe  of  increafing 
its  weight. 

9,  Dragon’s  blood  is  a refin  of  a deep  red  in  the  mafs,  but  brighter  when  in 
powder.  It  has  neither  tafte  nor  fmell. 

It  is  obtained  from  the  drakena,  in  the  Canary  Iflands,  from  which  it  Sows  in 
tares  during  the  dog-days.  It  is  alfo  obtained  from  the  ptero-carpus  draco.  The 
parts  are  expofed  to  the  vapour  of  hot  water;  the  juice  iffues  out  in  drops, 
which  are  colle&ed  and  wrapped  up  in  the  leaves  of  reeds. 

The  dragon’s  blood  of  the  ftiops,  which  has  the  form  of  flattened  orbicular 
loaves,  is  a compofition  of  various  gums,,  to  which  this  form  is  given,  after  they 
have  been  coloured  with  a fmall  quantity  of  dragon’s  blood. 

Dragon’s  blood  is  foluble  ip  alcohol:  the  folution  is  red:  the  refin  itfelf  may 
be  precipitated  of  the  fame  colour. 

This  refin  is  ufed  in  medicine  as  an  aflringent. 

RETORT.  Retorts  are  veffels  employed  for  many  diflillations,  and  molt 
frequently  for  thofe  which  require  a degree  of  heat  fuperior  to  that  of  boiling 
water.  This  veffel  is  a kind  of  bottle  with  a long  neck,  fo  bent  that  it  makes 
with  the  belly  of  the  retort  an  angle  of  about  fixty  degrees.  From  this  form 
they  have  probably  been  named  retorts.  The  moft  capacious  part  of  the  retort 
is  called  its  belly.  Its  upper  part  is  called  the  arch  or  roof  of  the  retort,  and  the 
bent  part  is  the  neck. 

Retorts  differ  in  form  and  materials:  their  bellies  are  generally  round:  fome 
of  them  are  oblong,  and  fhaped  like  a cucurbit;  thefe  are  called  Englifh  retorts. 
They  are  preferable  for  the  diftillation  of  matters  which  are  fubjed  to  fwell,  and 
to  pafs  into  the  receiver  before  they  be  decompofed. 

A.  retort  which  has  a little  hole  pierced  in  irs  roof  is  called  a tabulated  retort. 
This  hole  muft  be  capable  of  being  exactly  clofed  with  a ftopper  of  proper  ma- 
terials. Retorts  of  this  kind  are  employed  in  diflillations,  where  fome  matter 
muft  be  introduced  into  the  retort  after  the  receiver  is  joined  to  it,  as  in  the 
diftillation  of  fmoking  marine  acid,  and  in  the  obfolete  operations  for  procuring 
the  feveral  kinds  of  clyffus. 

If  the  retort  be  well  made,  the  above-mentioned  inclination  of  its  neck  muft 
be  moft  favourable  to  diftillation.  When  the  neck  is  too  much  inclined,  the 
receiver  cannot  be  conveniently  luted  to  it,  and  is  alfo  by  this  form  brought  too 
near  the  furnace.  If  the  neck  be  too  little  inclined,  the  vapours  or  liquors  which 
rife  in  diftillation  can  fcarcely  flow  into  the  receiver  from  want  of  fufficient  defeenr, 
and  only  circulate  in  the  belly  of  the  retort.  Retorts,  when  too  narrow  in  their 
bending,  are  very  faulty.  This  form  muft  be  an  impediment  to  diftillation  : the 
paffage  therefore  from  the  belly  to  the  neck  of  the  retort  muft  be  free  and  wide, 
and  gradually  diminifhing  to  the  extremity  of  the  neck  or  the  mouth  of  the  re- 
tort, 

Retorts  of  different  materials  are  ufed  in  chemical  operations,  of  common 
glafs,  cryftal-glafs,  ftone-ware,  and  iron.  Retorts  of  glafs  are  ufed  for  all  ope- 
rations wljich  require  a lefs  heat  than  is  fufficient  for  their  fufion.  Earthen  retorts 
are  necelfary  where  great  heat  is  requifite,  as  in  the  preparation  of  phofphorus. 
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Iron  retorts  are  nd't  much  ufed,  as  they  can  only  ferve  for  the  diftillation  of  fub- 
ftances  which  cannot  a6t  upon  this  metal;  and  as  thefe  fubftances  are.  few  in 
number,  they  can  feldom  be  employed  but  for  the  diflillation  of  mercury,  and 
of  animal  matters. 

REVERBERATORY.  See  Apparatus. 

REVIVIFICATION.  See  Reduction. 

RHAPONTIC.  The  roots  of  certain  docks  and  fomeother  plants  raifedin 
Europe  approach  to  rhubarb  in  appearance,  participate  in  fome  degree  of  its  me- 
dicinal virtues,  and  are  ranked  among  the  officinal  fimples,  under  the  names  of 
Monks  Rhubarb  and  Rhapontic,  The  common  monks  rhubarb  is  the  root 
of  the  lapathum  hortenfe  latifolium  C.  B.  broad-leafed  garden-dock  or  patience. 
The  rhapontic  of  the  phyfick  garden  of  Berlin,  and  which  of  all  the  forts  comes 
the  neareft  to  the  true  rhubarb,  is  the  lapathum  folio  rotundo  alp-inum,  J.  B. 
et  Tourn..  round-leaved  mountain  or  garden  dock.  This  root  is  the  rhei  rha- 
pontici  of  Linnaeus.  It  grows  wild  on  the  mountain  Rhodope  in  Thrace,  from 
whence  it  was  brought  into  Europe,  about  the  year  1610,  by  Alpinus:  it  bears 
thehardeft  winters  of  this  climate,  and  is  not  unfrequent ‘in  our  botanic  gardens. 
It  is  of  a dufky  colour  on  the- furfaqe,  and  of  a loofe  fpungy  texture  ; confidera- 
bly  more  aftringent,  but  lefs  purgative  than  rhubarb. 

Sixteen  drams  of  this  root  yielded  Neumann  with  rectified  fpirit  feven  drams 
and  a fcruple  of  extradl,  and  afterwards  with  water,  three  drams  and  a half,  five 
drams  and  half  a fcruple  remaining  undiffolved.  On  inverting  the  procedure 
and  treating  the  fame  quantity  of  the  root  firft  with  water  and  afterwards  with 
fpirit,  he  obtained  ten  drams  two  fcruples  of  watery,  and  one  fcruple  of  fpiri- 
tuous  extract;  the  refiduum  weighed  five  drams  and  a few  grains. 

The  extracts  made  at  firft,  whether  by  water  or  by  fpirit,  contain  the  adive 
matter  of  the  rhapontic,  both  the  fecond  extracts  having  little  or  no  tafte.  The 
yellow  colour  of  the  root  is  more  perfectly -taken  up  by  fpirit  than  by  water, 
and  more  concentrated  in  the  fpirituous  than  in  the  watery  extrad.  The  fpi- 
rituous  extract  is  alfo  ftronger  in  tafte  than  the  watery  : on  firft  tafti-ng*  they  both 
prove  fweetifh,  but  foon  after  difcovera  degree  of  pungency. 

RHODIUM  LIGNUM,  rofe  wood,  a wood  or  root  brought,  from  the 
Canary  illands ; and  afpalathus,  a fimple  of  confiderable  efteem  among  the  an- 
cients, but  which  has  not  come  to  the  knowledge  of  latter  times. 

The  writers  on  botany  and  the  materia  medica  are  much  divided  about  the 
lignum  rhodium,  not  only  with  regard  to  the  plant  which  affords  it,  but  like- 
wife  in  their  accountsof  the  drugitfelf.  This  confufion  feems  to  have  arifen  from 
an  opinion  that  the  rhodium  and  afpalathus  are  the  fame  f whence  different, 
woods  brought  into  Europe  for  the  unknown  afpalathus  were  fold  again  by  the 
name  of  rhodium. 

As  to  afpalathus,  the  ancients  themfelves  difagree;  Diofcorides  requiring  by 
this  appellation  the  wood  of  a certain  fbrub  freed  from  the  bark,  and  Galen  the 
bark  of  a root.  At  prefent  we  have  nothing  under  this  name  in  the  (hops* 
What  was  heretofore  fold  among  us  as  afpalathus,  were  pieces  of  a pale-coloured 
wood  brought  from  the  Eaft  Indies,  and  more  commonly  called  calambour. 

The  lignum  rhocfium  of  the  (bops  is  ufually  in  long  crooked  pieces,'  full  of 
knots,  which  when  cut  appear  of  a yellow  colour  like  box,  v/ith  a reddifli  call : 
the  largeft,  fmootheft,  moffc  compact,  and  deepeft  coloured  pieces  Ihould  be 
chofen  ; and  *he  fmall,  thin,  or  pale  ones  rejedled.  The  tafie  of  this  wood  is 
lightly  biiterifh,  and  fomewhat  pungent  ; its  fmelL  very  fragrant,  refembling 
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'that  of  rofes : when  long  kept,  it  feems  to  lofe  its  fmell ; but  on  cutting  or 
rubbing  one  piece  againft  the  other,  it  finells  as  well  as  at  firft.  Diftilled  with 
water,  it  yields  an  odoriferous  offential  oil,  in  very  fmalt  quantity.  Rhodium  is 
at  prefent  in  efteem  only  upon  account  of  its  oil,  which  is  employed  as  an  high 
and  agreeable  perfume  in  Renting  pomatums  and  the  like.  But  if  we  may  rea- 
son from  analogy,  this  odoriferous  fimple  might  be  advantageoufly  applied  to 
xnobler  purpofes  ; a tin&ure  of  it  in  rectified  fpirit  cf  wine,  which  contains  in 
fmall  volume  the  virtue  of  a corifiderable  deal, of  the  wood,  bids  fair  to  prove  a 
Serviceable  cordial,  not  inferior  perhaps  to  any  thing  of  this  kind, 

RHUBARB.  An  ounce  of  rhubarb,  reduced  into  grofs  powder,  yielded 
with  highly  rectified  fpirit  of  wine  three  drams  of  extraft,  and  afterwards  with 
water  two  drams  two  fcruples  and  a half ; the  refiduum  weighed  two  drams 
twelve  grains.  By  applying  water  firft  to  another  ounce,  five  drams  two  fcru- 
ples and  a half  of  extraft  were  obtained,  and  of  the  refiduum  five  grains  only 
were  foluble  in  fpirit  of  wine.  Rhubarb  appears  from  thefe  experiments  to  con- 
tain much  more  gummy  or  mucilaginous,  than  refinous  matter;  and  hence 
Spirituous  tindlures  of  it  are  not  precipitated  or  rendered  milky  by  addition  of 
water,  like  the  tindlures  of  moft  other  vegetables. 

The  yellow  colour  of  rhubarb  is  remarkably  lefs  deftrudtible  than  any  other 
vegetable  yellows.  Aquafortis,  and  other  acids  which  deftroy  the  colour  of  faf- 
fron,  turmeric,  &c.  make  no  change  in  that  of  rhubarb,  or  at  moft  render  it 
only  turbid.  Volatile  alkali  heightens  the  colour,  .and  inclines  it  to  red.  Fixed 
alkaline  falts  have  this  effect  in  a greater  degree.  Solutions  of  green  vitriol  and 
other  chalybeate  liquors  change  the  colour  of  infufions  of  rhubarb  to  an  inky 
blacknefs ; a mark  that  this  root  is-poffeffed  of  an  aftringent  quality.  The-  fpi- 
rituous  extradt  does  not  purge,  although  the  extradt  made  by  water  after  fpirit 
does,  as  if  its  purgative  quality  refided  chiefly  in  a combination  of  gummy  and 
faline  matter.  Mr.  Model  affirms,  that  a confiderable  quantity  of  felenites  is 
contained  in  rhubarb.  In  one  experiment,  he  obtained  fix  ounces  of  felenites 
from  four  pounds  of  rhubarb : and  in  another  experiment  he  obtained  no  lefs 
than  an  ounce  of  felenites  from  two  ounces  and  five  drams  of  old  rhubarb. 

RISIGAL.  See  Realgar. 

ROASTING  OF  ORES.  See  the  Metals  and  Ores. 

ROCK  CRYSTAL.  See  Crystal  Rock,  alfo  Quartz. 

ROCKETS.  In  the  art  of  making  fire-works,  gunpowder  conftitutes  the 
chief  ingredient ; but  the  proportion  of  it  is  very  frequently  varied  according  to 
the  different  ufes  for  which  it  is  intended.  For  making  thefe,  meal-powder  only 
is  commonly  employed,  and  mixed  with  an  additional  quantity  of  fulphur  and 
nitre,  according  to  the  different  purpofes  for  which  it  is  intended;  on  which  ac- 
count the  Jaft  ingredient  is  generally  brought  into  the  form  of  a powder,  by  folu- 
tion  and  evaporation,  during  which  latter  operation  it  is  continually  ftirred. 

The  mechanical  operations  of  the  above-mentioned  art  not  belonging  to  this 
work,  we  (hall  only  make  mention  of  the  different  compofitions  which  are  to  be 
made  upon  chemical  principles,  as  laid  down  by  Wiegleb.  For  fuzes,  feven 
parts  of  meal  powder,  five  of  nitre,  and  three  of  fulphur;  and  for  rockets,  thir- 
ty-fix parts  of  nitre,  eight  of  fulphur,  and  fourteen  cf  charcoal  are  to  be  taken  ; 
in  both  thefe,  the  intention  is  that  the  powder  fhall  only  be  fired  by  degrees. 
For  blue-balls,  are  to  be  mixed  together  thirteen  parts  of  nitre,  three  of  fulphur, 
parts  of  refin,  f7^  of  faw-duft,  and  of  charcoal.  Light-balls  require,  for 
she  dry  fort,  two  parts  of  nitre,  f a part  of  fulphur,  of  refin,  \ of  faw-duft, 
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and  f a part  of  meal-powder ; for  the  fufible,  8 parts  of  fulphuiy  2 of  nitre, 
and  4 of  meal-powder.  Fire-balls  are  compofed  of  twenty  parts  of  corned 
powder,  ten  of  pitch,  fix  of  nitre,  four  of  fulphur,  one  of  tallow,  one  of  hemp, 
and  two  of  iinfeed-oil.  Water-rockets  require  eight  parts  of  meal  powder,  thir- 
ty-fix of  nitre,  feven  of  fulphur,  and  one  of  refin.  As  thefe  particular  mafTes  of 
fire  are  deflined  to  refill  the  air  and  water,  and  neverthelefs  to  burn  for  a certain 
time,  the  oleaginous  and  combuftible  additions  are  requifite,  among  which,  the 
intent  of  the  faw-dufl  appears  to  be  to  prolong  the  conflagration.  Among  thefe 
alfo  may  be  reckoned  the  Greek-fire,  which  in  fa£t  was  not  invented  by  a Greek, 
but  by  Callinicus  of  Heliopolis,  who  is  faid  to  have  ufed  it  at  the  ftege  of  Con- 
flantinople.  It  cannot  be  decided  with  certainty  what  it  properly  was,  or  of 
what  it  was  compofed.  According  to  the  defcription  of  it  given  in  hiftory,  it 
was  a liquid  fubtlance  that  was  eafily  kindled,  and  extinguilhed  with  difficulty,,., 
which  burned  upon  water,  and  was  thrown  inclofed  in  bottles  and  pitchers,  into 
the  enemies  fhips,  by  which  means  they  were  fet  on  fire.  It  is  very  probable 
that  pitch,  fulphur,  linfeed-oil,.  oil  of  turpentine  or  petrolium  made  a confix 
derable  part  of  its  compofition. 

The  varioufly  coloured  fire-works  depend  on  various  additions,  by  which  the. 
natural  colour  of  gunpowder,  when  on. fire,  may  be  altered,  and  in  which  metal- % 
lie  fubflances,  for  the  moft  part,  fuch  as  antimony,  zinc,  marcafite,  verdigrife,. 
&c.  are  employed.  Thus  alfo  clean.filings  of  iron  produce  what  is  called  bril® 
liant,  or  white-fire. 

ROD,  DIVINING.  The  divining  wand  is  an  inflrument,  by  means  of  which 
many  perfons  have  formerly  pretended,  and  fome  do  now  pretend,  to  difeover 
under  what  pans  of  the  earth  metals,  treafures,  ores,  water,  fair,  &c.  lie  hid, 
without  digging  the  ground.  They  fay,  this  difeovery  may  be  made  by  a per- 
fon  holding  the  wand'honzontally,  and  by  walking  along  in  places  where  thefe. 
matters  are  expedted ; and  that  when  he  arrives  at  a place  under  which  any  of 
the  above-mentioned  matters  lie,  the  wand  will  be  forcibly  inclined  towards  that 
place : but  that  this  experiment  fhould  fucceed,  much  faith  feems  to  be  required 
in  the  perfon  who  holds  the  wand,  or  rather  in  the  fpedlators.  Macquer  pofK 
tively  affirms,  that  the  power  of  this  wand  is  a chimera,  which  owes  its.reputa-. 
tion  to  avarice,  to  ignorance  and  credulity. 

The  famous  Father  Kircher,  in  his  Mundus  Subterraneus,  in  which  many  in- 
terefting  particulars  are  found  concerning  mines,  derides  thefe  fuperftitious  prac- 
tices, and  denies,  from  his  own  experience,  the. truth  of  the  affertions  concern- 
ing them.  He  feems  however  to  have  fome  faith  in  fympathies,  and  propofes 
even  ne.w  divining  wands  of  his  own  invention  -y  the  effedls  of  which,  though 
more  dependent  on  phyfical  caufes,  are  not  however  more  certain.  He  believes, 
for  inftance,  that  a wand,  one  end  of  which  fhould  be  made  of  fal-gem,  and  the 
other  of  wood,  being  fufpended  and  balanced  above  a mine  of  fait,  would  be  in- 
clined towards  the  ground  ; and  he  fupports  his  opinion  by  an  experiment.  This 
experiment  confifts  in  evaporating  over  the  fire  a folution  of  fal-gem  below  the 
wand,  which  is  by  no  means  really  made  to  incline  by  the  fait.  We  need  not 
be  deeply  learned  in  chemiftry  to  difeover,  that  the  wand  would  have  inclined  in 
the  fame  manner,  if  Father  Kircher  had  evaporated  pure  water,  inftead  of  a folu- 
tion  of  fal-gem  ; becaufe  the  water Would  have  equally  well  attached  itfelf  to  the 
faline  end  of  the  wand  ; confequently  this  experiment  proves  nothing. 

The  fame  author  propofes  alfo  to  difeover  mines  of  mercury  by  employing  a 
wand,  one  end  of  which  is  made  of  gold  and  the  other  of  wood,  in  hopes  that  the 
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emanations  of  the  mercury  would  attach  themfelves  to  the  gold  rather  than  to 
the  wood,  and  would  make  it  incline  downwards.  But  this  effect  certainly  can- 
not be  produced  unlefs  the  mercury  was  evaporating ; for  which  purpofe  two 
conditions  are  neceffary  : 1.  The  mercury  muft  be  in  a native  metallic  ftate,  and 
not  mineralifed,  as  it  is  in  cinnabar ; and  2.  It  muft  alfo  be  expofed  to  the  heat 
of  fome  fubterranean  fire,  by  which  it  is  volatilifed  and  fublimed,  the  ordinary 
hea$  of  the  earth  being  far  too  little  for  this  purpofe.  This  fecond  phyfical  or 
chemical  divining  wand  propofed  by  Father  Kircher  is  therefore  no  better  than 
the  former ; and  probably  the  fame  judgment  may  be  palled  upon  all  other 
wands  made  upon  the  fame  principles,  and  in  imitation  of  thefe.  Laftly,  the 
fame  author  pofitively  affirms,  that  he  hung  and  balanced  a wand,  one  half  of 
which  was  made  of  alder- tree,  and  the  other  half  of  fome  wood  that  has  no  fym- 
pathy  with  water,  over  a fubterranean  water,  and  that  he  obferved  the  end  of 
thewand  which  was  made  of  alder  incline  towards  the  earth. 

In  addition  to  the  above,  which  is  from  Macquer,  I muft  remark  that  the 
divining  rod  ftill  poffeffes  contiderable  reputation  among  the  mere  miners  in  our 
metallic  counties.  They  pretend  to  eftablifh,  from  obfervation,  that  the  experi- 
ment does  notfucceed  unlefs  the  rod  be  held  in  the  hand,  or  in  other  words,  that 
an  inanimate  fufpenfion  will  not  be  fufficient  to  produce  the  effedt And  further, 
that  there  ate  certain  individuals  in  whofe  hands  the  rod  will  be  adted  upon, 
but  that  with  far  the  greater  majority  it  has  no  effect.  I will  not  here  relate  any  of 
the  narratives  which  have  come  to  me  at  fecond  and  third  hand,  wherein  very 
rational  precautions  are  affirmed  to  have  been  made  in  the  trials ; neither  fhall  I 
give  an  opinion  where  for  want  of  experience  I have  no  good  ground  to  form  one. 
But  I think  the  objedt  is  entitled  at  leaft  to  fome  portion  of  enquiry,  inftead  of  a 
decided  rejedtion,  which  might  formerly  with  equal  $gafon  have  been  applied  to 
fome  of  the  phenomena  of  magnetifm,  eledtricity,  & c. 

When  we  find,  for  example,  that  the  fame  eledtric  Ihock  affedts  one  indivi- 
dual ftrongly,  another  lefs,  and  a third  not  at  all ; when  we  find  that  the  nervous 
energy  is  excited,  and  produces  motion  in  limbs  * recently  amputated  when  cer- 
tain metals  are  applied  conjunctively  and  not  alone,  fuch  as  tin  and  filver,  iron 
and  gold,  zinc  and.  filver  or  gold  ; — when  we  obferve  that  filver  laid  upon  the 
tongue,  and  zinc  inferted  in  the  noftril,  produce  the  appearance  of  a flafh  of 
lightning  to  the  living  individual  the  inftant  they  are  made  to  touch  ; which, 
though  to  moft  perfons  evident  and  ftriking,  is  much  more  fo  to  fome  than  to 
others ; — it  feems  to  be  not  improbable  that  other  energies  may  exift  among  me- 
tals and  minerals,  which  may  fhe'w  themfelves  in  the  divining  rod  or  otherwife. 

ROOF.  Chemifts  and  metallurgifts  ufe  this  word  to  denote  the  internal  fu- 
perior  furface  of-certain  cavities.  Thus  they  fay  the  roof  of  a retort ; the  roof  of 
a mine,  &c. 

ROSEMARY.  This  is  a native  of  Spain,  Ttaly,  and  the  fouthern  parts  of 
'France,  where  it  grows  in  abundance  upon  dry  gravelly  grounds;  in  the  like 
foils  it  thrives  beft  with  us,  and  likewife  proves  ftronger  in  fine  11,  than  when  pro- 
duced in  moift  rich  ones.:  this  obfervation  obtains  in  almoft  all  the  aromatic 
plants. 

Rofemary  has  a fragrant  fmell,  and  a warm  pungent  bitterifh  tafte,  approach- 
ing to  thofe  of  lavender  ; the  leaves  and  tender  tops  are  ftrongeft  ; next  to  thefe 
-the  cup  of  the  flower ; the  flowers  themfelves  are  confiderably  the  weakeft,  but 
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rooft  pleafant.  Aqueous  liquors  extrad  great  (hare  of  the  virtues  of  rofemary 
leaves  by  infufion,  and  elevate  them  in  diftillation  ; along  with  the  water  arifes 
a confiderable  quantity  of  eflential  oil,  of  an  agreeable  ftrong  penetrating  fmell. 
Pure  fpirit  extracts  in  great  perfedion  the  whole  aromatic  flavour  of  the  rofe- 
mary, and  elevates  very  little  of  it  in  diftillation  : hence  the  refinous  mafs  left 
upon  abftrading  the  fpirit,  proves  an  elegant  aromatic,,  very  rich  in  the  peculiar 
qualities  of  the  plant.  The  flowers  of  rofemary  give  over  great  part  of  their  fla- 
vour in  diftillation  with  pure  fpirit ; by  watery  liquors  their  fragrance-is  much 
injured  ; by  beating,  deftroyed.  The  officinal  preparations  of  rofemary  are, 
an  eflential  oil  from  the  leaves,  or  from  the.  herb  in  flower,  a conferve  of  the 
flowers,  and  a fpirit  called  hungary-water,  from  the  flowery  tops.  The  tops  are 
ufed  alfo  in  the  compound  fpirit  of  lavender,  cordial  confedion,  andfaponaceous 
balfam. 

ROTTEN  STONE.  Tripoli  ; Terra  Tripolitana.  Is  known  by  its  quality  of 
rubbing  or  wearing  hard  bodies,  and  making  their  furfaces  to  fhine,  the  particles 
of  the  tripoli  being  fo  fine  as  to  leave  even  no  perceptible  fcratches  on  the  ftirface. 
This  polifh  may  likewife  be  produced  by  other  fine  clays,  when  they  have  been 
burnt  a little.  The  tripoli  grows  fomewhat  harder  in  the  fire,  and  is  very  re- 
fradory  : it- is  with  difficulty  diflolved  by  borax,  and  with  ftill  greater  difficulty 
by  the  microcofmic  fait  : it  becomes  white  by  ignition  : when  crude,  it  imbibes 
water,  but  is  not  diffufible  in  it.  It  taftes  like  common  chalk,  and  is  rough  or 
fandy  between  the  teeth,  although  no  fand  can  by  any  means  be  feparated  from 
it.  It  has  no  quality  in  common  with  other  kinds  of  earths,  by.  which  it  might  be 
confidered  as  a variety  of  any  other.  That  which  is  here  defcribed  is  of  a yellow 
colour,  and  is  fold  by  the  colourmen,  who  do  not  know  where  it  is  found. 

This  earth  was  formerlyTrought  to  us  from  Tripoli  in  Barbary,  whence  this 
name  was  given  to  it.  Froroni  enumerates  the  following  charaders : 

1.  This  earth  does  not  effervefce  with  any  of  the  acids : and, 

2.  It  becomes  not  only  hard  in  the  fire  ; but  when  confiderable  heat  is  applied, 
its  furface  becomes  vitrified. 

3.  All  tripolis,  except  thofe  found  in  England,  acquire  a red  colour  by  being 
burnt. 

4.  They  are  fufible  with  the  calcareous  earth,  as  well  as  with  borax  and  with 
microcofmic  fait.  But, 

5.  When  waflaed  in  water,  no  other  fubftance  feparates  from  them.  How- 
ever, 

6.  Sometimes  the  marine  acid  and  the  vitriolic  may  be  extraded  by  diftillation 
from  thefe  earths. 

It  is  found  either  folid,  of  a rough  texture;  a brown  or  yellowifh  colour; 
or  fpotted  like  marble ; or  elfe,  friable  and  compad  ; of  a granulated  texture, 
and  brown  or  yellowilh  colour.  It  is  this  laft  fort  which  is  found  in  England. 

Da  Cofta  fays  he  has  procured  the  kind  of  yellow  tripoli  mentioned  by  Cron- 
ftedt,  from  Scotland,  where  it  had  lately  been  difcovered.  But  the  rotten  ftone, 
fo  .called,  is  another  fort,  found  in  Derbyfhire.  It  is  in  common  ufe  here 
among  workmen  for  all  forts  of  finer  grinding  andpolifhing,  and  is  alfo  fome* 
times-  ufed  by  lapidaries  for  cutting  offtones. 

The  rotten  ftone  of  Derbyfhire  is,  according  to  Ferber,  a tripoli  mixed  with 
calcareous  earth. 

Kirwan  affirms  that  tripoli  is.  evidently  a volcanic  produd.  For  a coal  mine 
at  St.  Eftienne  having  accidentally  taken  fire,' and  the  fire  in  its  progrefs  having 
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extended  to  fome  ftrata  of  (hiftits  and  bitumen,  tripoli  was  found  in  thofe  parts  of 
the  ftrata  that  the  fire  had  a&ed  upon,  but  not  in  any  other.  Mem.  Par.  1769, 
p.  276.  quoted  by  Kirwan. 

Tripoli  is  found  alfo  of  gray,  white,  and  red  colour.  It  contains  90  parts  of 
filiceous  earth,  7 of  argill,  and  3 of  iron.  Sometimes  a little  magnefia  has 
been  extracted  from  it. 

ROUCOU.  See  Annottq,  in  addition  to  which  article,  the  following  is  ex- 
tracted from  Berthollet : 

The  watery  decodlion  of  annotto  has  a ftrong  fmell,  and  a difagreeable  tafte; 
Its  colour  is  of  a yellowifh  red,  and  it  is  fomewhat  turbid.  An  alkaline  folution 
changes  it  to  an  orange  yellow,  which  is  brighter  and  more  pleafing  ; and  afmall 
quantity  of  a whitifli  fubftance  is  feparated  from  it,  which  remains  fufpended  in 
the  liquor.  If  we  boil  annotto  in  water  with  an  alkali,  it  diftolves  much  better 
than  in  water  alone,  and  the  liquor  is  of  an  orange  colour. 

Acids  form  with  this  liquor  an  orange-coloured  precipitate  foluble  in  alkalis, 
which  communicate  to  it  a deep  orange  colour ; the  fupernatant  liquor  retains 
only  a pale  yellow. 

Solutions  of  common  fait  and  fal-ammoniac  produce  no  fenfible  change. 

The  folution  of alum  gives  a confiderable  quantity  of  orange  precipitate,  which 
is  deeper  than  that  which  acids  produce  ; the  liquor  remains  of  a pleafant  lemon 
colour,  bordering  a little  on  green. 

Vitriol  of  iron  forms  a precipitate  of  an  orange  brown  ; the  liquor  remains  of  a 
pale  yellow. 

Vitriol  of  copper  gives  a precipitate  of  a yellowifli  brown,  fomewhat  brighter 
than  the  former ; the  liquor  preferves  a greenilh  yellow  colour. 

A folution  of  tin  produces  a lemon-coloured  precipitate,  which  is  depofited 
very  flowly. 

When  annotto  is  ufed,  it  is  always  mixed  with  an  alkali,  which  facilitates  its 
folution,  and  gives  a colour  lefs  inclining  to  red.  It  is  cut  in  pieces,  and  boiled 
in  a caldron,  with  an  equal  weight  of  cendre  gravelee,  provided  the  defired 
{hades  do  not  require  a fmaller  proportion  of  alkali ; the  cloth  may  be  then  dyed 
in  this  bath,  either  with  thefe  ingredients  alone,  or  with  the  addition  of  others  to 
modify  the  colour  ; but  it  feldom  happens  that  annotto  is  ufed  for  wool,  becaufe 
the  colours  it  imparts  are  too  fading,  and  may  be  obtained  of  a more  durable  na- 
ture by  other  means.  Hellot  employed  it  in  dyeing  a (luff  prepared  with  alum 
and  tartar,  but  the  permanency  of  the  colour  was  not  much  increafed.  It  is  al- 
moft  folely  ufed  for  filk. 

For  filks  to  be  dyed  of  an  aurora,  or  of  an  orange  colour,  it  is  fufficient  to  fcour 
them  with  twenty  pounds  of  foap  to  the  -hundred ; after  they  have  been  well 
cleanfed  they  may  be  immerfed  in  a bath  of  water,  with  which  more  or  lefs  of 
the  alkaline  folution  of  annotto  (according  to  the  (hade  required)  has  been  care- 
fully mixed..  The  heat  of  this  bath  ought  to  be  between  tepid  and  boiling 
w'ater.. 

When  the  filkhas  acquired  an  uniform  colour,  one  of  the  hanks  muftbe  taken 
out,  wafhed  and  wrung,  to  fee  whether  the  colour  be  fufficiently  full ; and  if  it 
be  not,  more  folution  of  annotto  muft  be  added,  and  it  muft  be  turned  again. 
This  folution  preferves  its  colour  unchanged. 

When  the  defired  (hade  has  been  obtained,  nothing  remains  but  to  wa(h  the 
filks,  and  to  beetle  them  twice,  by  a ftream  of  water,  to  free  them  from  the  fu- 
perfluous  annotto,  which  would  injure  the  beauty  of  the  colour. 
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When  raw  filk  is  to  be  dyed,  fuch  as  is  naturally  white  mud  be  chofen,  and 
it  mud  be  dyed  in  theannotto  bath,  which  ought  only  to  be  tepid,  or  even  cold, 
that  the  alkali  may  not  diffolve  the  gum  of  the  filk,  and  deflroy  its  elafticity, 
which  wewifh.to  preferve. 

What  has  been  now  faid  refpefls  the  filk  intended  to  receive  the  aurora  colour  : 
to  make  the -orange,  which  contains  more  red,  after  dyeing  with  annotto,  it  is 
neceffary  to  redden  the  filks  with  vinegar,  alum,  or  lemon  juice.  The  acid,  in 
faturating  the  alkali  ufed  to  diffolve  the  annotto,  deftroys  the  yellow  (hade  which 
the  alkali  had  imparted,  and  reftores  its  natural  colour,  which  inclines  a* good 
deal  towards  red. 

For  the  very  deep  (hades  it  is  the  practice  at  Paris,  as  Macquer  informs  us, 
to  alum  them  ; and  if  the  colour  is  not  yet  red  enough,  to  pafs  them  through  a 
weak  bath  of  brafil- wood.  At  Lyons,  the  dyers,  who  ufe  carthamus,  fometimes 
employ  the  old  baths  made  with  that  ingredient  for  the  deep  orange  colours. 

When  orange  colours  have  been  reddened  with  alum,  they  mult  be  wafhed  in 
a dream  of  water ; but  it  is  not  neceffary  to  beetle  them,  unlefs  the  colour  be 
too  red. 

Shades  which  preferve  a reddilh  hue  may  likewife  be  obtained  by  a fmgle  ope- 
ration, namely,  by  employing,  in  the  preparation  of  the  annotto  bath,  a fmaller 
quantity  of  alkali  than  that  above  directed. 

Mr.  Guhliche  advifes  us  not  to  employ  heat  in  the  preparation  6f  annotto. 
He  dire&s  that  it  fhould  be  put  into  a glafs  veffel,  or.one  of  earthen  ware  with 
a vitreous  coat,  and  that  as  much  folution  of  pure  alkali  fhould  be  added  as  will 
cover  it,  and  that  this  mixture  fhould  be  left  at  reft  for  twenty-four  hours ; that 
the  liquor  fhould  then  be  decanted,  and  filtered,  and  the  refiduum  repeatedly 
wafhed  with  water,  leaving  the  mixture  at  reft  each  time  for  two  or  three  days, 
till  the  water  no  longer  receives  any  colour;  thac  thefe  liquors  fhould  be  all 
mixed  together,  and  put  into  a well -flopped  veffel,  and  kept  for  ufe. 

He  directs  that  the  filk  fhould  be  fteeped  for  twelve  hours  in  a folution  of 
alum,  in  the  proportion  of  two  ounces  of  the  fait  to  a pound  of  the  filk,  or  in 
water  acidulated  with  the  acetocitric  acid  before  defcribed  p.  234 ; when  taken  out 
of  this  mordant,  it  is  to  be  well  wrung. 

The  filk  thus  prepared  is  put  into  the  annotto  bath  quite  cold,  and  kept  there, 
and  ftirred  about,  Until  it  has  acquired  the  proper  fhade,  or  it  is  kept  at  a degree 
of  heat  far  below  ebullition ; when  taken  out  of  the  bath,  it  is  wafhed  and  dried 
in  the  fhade. 

For  the  brighter  fhades,  a liquor  is  employed,  which  is  lefs  loaded  with  co- 
lour, to  which  may  be  added  a little  of  the  acid  liquor,  which  has  been  ufed  as 
a mordant,  or  the  dyed  filk  may  be  paffed  through  acidulated  water. 

If  we  wifh  to  have  the  laft  fhades  with  left  of  an  orange  caft,  and  approaching 
to  nankeen,  a fmall  quantity  of  folution  of  galls  in  white  wine  may  be  added  to 
the  bath. 

To  give  an  orange  colour  to  cotton,  Mr.  Wilfon  dire&s  the  annotto  to  be 
ground  while  it  is  kept  moiftened,  boiled  in  water  with  double  its  weight  of 
alkali,  left  to  fettle  for  half  an  hour,  and  the  clear  liquor  to  be  put  into  a 
heated  veffel  j in  this  the  cotton  is  to  be  immerfed,  when  it  will  take  an  orange 
■colour.  A hot  folution  of  tartar  is  then  to  be  poured  into  the  bath,  fo  that  it  may 
become  weakly  acidulated';  it  is  to  be  again  turned  in  it  on  the  fkein  flicks,  or 
wound  upon  the  winch  when  in  the  piece;  in  this  way  the  colour  becomes  more 
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lively,  and. fixes  better j they'then  walh  the  cotton  flightly,  and  dry  it  in  a 
ftove. 

RQWLY  RAG.  This  ftone  is  of  a dulky  or.  dark  gray  colour,  with  nu- 
merous minute  fhining  cryftals.  The  town  of  Birmingham  is  paved  with  it. 

Its  texture  is'  granular  : by  expofure  to  the  air,  it  acquires  an  ochrey  cruft. 

Its  fpecific  gravity  is  2748. 

Heated  in  an  open  fire,  it  becomes  magnetic. 

In  ftrong  heat  it  melts  per  fe,  but  with  more  difficulty  than  bafaltes. 

According  to  Dr.  Withering’s  analyfis,  100  parts  of  it  contain  47,5  of  fili- 
ceous  earth,  32,5  of  argil,  and  20  of  iron. 

RUBICELLE.  See  Precious  Stones,  No.  II. 

RUBY.  See  Precious  Stones,  No.  II. 

RUBY,  ARSENICAL.  Realgar,  or  the  red  combination  of  arfenicand  ful- 
phur,  obtains  a degree  of  tranfparency  by  fufion  and  cooling,  and  is  then  aiftin- 
guilhed  by  this  name. 

RUST.  Metals  are  faid  to  ruft  when  their  furface  becomes  calcined  by  ex- 
posure to  air  and  moifture.  The  calx  is  alfo  called  ruft.  The  word  is  mote  par- 
ticularly applied  to  iron. 
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SAFFLOWER.  See  Carthamus. 

SAFFRE.  See  Zaffre. 

SAFFRON.  Crocus  fativus  C.  B.  et  Lin.  The  chives  or  flefhy  capillaments 
growing  at  the  end  of  the  piftil  of  the  flower,  carefully  picked  and  prefled  together 
into  cakes. 

There  are  three  forts  of  faffron  met  with  in  the  fhops,  two  of  which- are  brought 
from  abroad,-  the  other  is  the  produce  of  our  own  country;  this  laft  is  greatly 
fuperior  to  the  two  former,  from  which  it  may  be  diftinguifhed  by  its  blades 
being  broader.  When  in  perfedion  it  is  of  a fiery  orange  red  colour,  and  yields 
a deep  yellowifh  tindure-:  it  Ihould  be  chofen  frelh,  not  above  a year  , old,  in 
clofe  cakes,  neither  dry  nor  yet  very  moift,  tough  and  firm  in  tearing,  of  the 
fame  colour  within  as  without,  and  of  a ftrong,  acrid,  diffufive  fmell. 

Both  water  and  fpirit  extract  the  colour  and.  virtue  of  faffron.  The  forme? 
liquor  improves  the  fmell  and  heightens  the  colour,  whilft  the  fpirit  feems  rather 
to  weaken  both.  By  drying  two  ounces  and  a half  of  the  beft  faffron  in  the  heat 
of  a water  bath,  half  an  ounce  of  liquor  was  obtained,  which  had  an  exceeding 
ftrong  fmell,  but  had  not  the  appearance  of  oil.  This  is  the  adive  part  of  the 
faffron,  which  diforders  the  head  and  fenfes.  ' Six  drams  of  extrad  were- obtained. 
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from  an  ounce  of  dried  faffron  by  means  of  water,  and  five  drams  and  one  Tem- 
ple were  obtained  from  another  ounce  by  means  of  fpirit.  Reclified  fpirit  ac- 
quired no  fmell  or  tafte  by  diftillation  from  dried  faffron;  but  water  being  thus 
diftilled  acquired  a ftrong  fmell. 

SAFFRON,  BASTARD.  In  this  article  I fhall  extradl  the  account  given  by 
Berthollet,  which  was  not  publifhed  when  the  article  Carthami/s  went  to  the 
prefs. 

Carthamus,  or  baftard  faffron  (carthamus  tindtorius),  of  which  the  flower  only  is- 
ufed  in  dyeing,  is  an  annual  plant  cultivated  in  Spain,  Egypt,  and  the  Levant. 
There  are  two  varieties  of  it ; one  with  larger  leaves,  the  other  with  fmaller„ 
The  latter  is  laid  to  be  that  of  Egypt ; where  it  makes  a confiderable  article  of 
trade. 

Carthamus  was  formerly  cultivated  in  Thuringia  and  Alfatia ; but  the  prefe- 
rence given  to  that  of  the  Levant  has  occafioned  its  culture  to  be  nearly  aban- 
doned in  the  more  northern  climates.  The  celebrated  Beckmann,  who  has  pub- 
lished a very  interefting  differtation  on  carthamus*,  has  endeavoured  to  difeover 
the  difference  between  that  produced  with  us,  and  that  brought  from  the  Le- 
vant : but,  previous  to  his  relating  his  obfervations,  it  will  not  be  amifs  to  give  an 
account  of  the  properties  of  this  fubftance,  fuch  as  it  is  employed  in  dyeing. 

Carthamus  contains  two  kinds  of  colouring  matter ; the  one  yellow  ; the.  other 
red.  The  firfl  alone  is  foluble  in  water:  its  folution  is  always  turbid:  with  re- 
agents it  exhibits  the  appearances  commonly  obferved  in  yellow  colouring  matter :. 
acids  fender  it  lighter;  alkalis  make  it  deeper,  and  more  approaching  to  Orange.: 
both  produce  a fmall  portion  of  fawn-coloured  precipitate,  by  means  of  which 
it  becomes  clearer.  Alum  forms  with  it  a deep  yellow  precipitate  in  fmall  quan- 
tity; folution  of  tin,  and  other  metallic  folutions,  precipitates  which  have  no- 
thing remarkable. 

Alcohol  acquires  but  a flight  tindture  from  the  flowers,  after  all  the  yellow 
fubftance  has  been  extracted  by  repeated  wafliings..  If  thefe  flowers  be  put  into 
a folution  of  cauftic  alkali,  they  become  yellow,  and  the  liquor  which  is  preffed. 
out  is  of  a deep  yellow  colour.  On  faturating  the  alkali  with  an  acid,  the  liquor 
becomes  turbid,  reddifh,  and  gradually  depofits  a very  fmall  quantity  of  a reddifh 
yellow  precipitate.  With  folutions  of  alum,  zinc,  and  tin,  a yellow  precipitate 
is  formed  ; and  with  folutions  of  iron  and.  copper,  a precipitate  inclining  to 
green.  If  inftead  of  a folution  of  cauftic  alkali,  a folution  of  mild  alkali  be  ufed, 
acids  produce  with  it  a more  copi-ous  precipitate  of  a redder  hue  : but  the  rednefs- 
differs  according  to  the  acid  employed.  Alum  alfo  produces  with  the  latter  al- 
kaline folution,  a red  precipitate,  which  is  fo  light  that  it  generally  fwims  on 
the  furface  of  the  liquor.  This  colouring  matter  is  fo  delicate,  and  fo  eafily 
changed,  that  if  heat  be  employed  to  diflolve  it,,  the  precipitates  produced  by 
acids  will  not  have  fo  fine  a colour. 

Mr.  Beckmann  has  obferved,  that  the  carthamus  of  Thuringia  contained 
much  more  of  the  yellow  matter  than  that  of  the  Levant : that,  in  other  refpedis, 
the  red  matter  of  the  former  was  by  no  means  inferior  in  beauty  to  that  obtained 
from  the  latter ; yet  that,  to  produce  equal  effedts,  half  as  much  more  of  it 
was  required.  He  next  examined,  whether  this  difference  depended  on  the  cll- 
mate,  or  only  on  the  mode  of  preparation. 

Haffelquift  relates,  in  his  Travels  in.  Egyptj  that  when  the  flowers  of  carthamus 

* Comment.  Societat.  Gotting.  tom.iv,  1774. 
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are  gathered,  they  are  preffed  between  two  (tones,  tofqueeze  out  the  juice.  After 
this  they  are  walked  feveral  times  with  water,  which  in  Egypt  is  naturally  fait. 
When  taken  out  of  the  water  they  are  preffed  between  the  hands,  and  then 
fpread  on  mats,  placed  on  the  flat  roofs  of  their  houfes,  where  they  are  covered 
in  the  day  time,  that  the  fun  may  not  dry  them  too  fall,  but  left  expofed  to  the 
dew  at  night.  They  are  occafionally  turned,  and,  when  diffidently  dry,  taken 
in,  and  kept  for  fale  under  the  name  of  faffranon. 

If  the  carthamus  of  the  Levant,  fuch  as  it  is  in  commerce,  be  compared  with 
that  of  Thuringia,  the  former  will  be  found  to  be  more  pure,  a little  moift,  and 
in  comprefled  maffes ; the  latter  drier,  and  more  elaftic.  Thefe  differences  de- 
pend on  the  preparation.  Writers  on  agriculture,  deceived  by  the  erroneous 
name  of  baftard  faffron  given  to  carthamus,  have  fuppofed  that  it  fliould  be 
treated  like  faftron.  Hence  they  diredt  it  to  be  gathered  in  a dry  feafon,  and 
dried  with  care.  Mr.  Beckmann  thinks,  on  the  contrary,  that  the  mode  adopted 
in  Egypt  ought  to  be  imitated.  He  advifes  even  to  add  a little  fait  to  the  water 
ufed  in  preparing  it,  to  give  it  the  quality  it  has  naturally  in  Egypt. 

The  flower  of  carthamus  has  a fine  colour  of  fire,  but  in  drying  it  grows 
yellow..  It  fhould  not  be  gathered  till  it  grows  dry ; and  it  is  better,  if  it  has 
been  rained  upon  in  that  ftate,  though  the  contrary  opinion  is  erroneoufly  held. 
The  want  of  rain  may  be  fupplied  by  watering  the  flowers  morning  and  evening. 
When  they  are  gathered,  the  feeds  may  be  (till  left  to  ripen. 

The  intention  of  thefe  directions  is  to  promote  the  feparation  of  the  yellow 
matter,  the  abundance  of  which  conftitutes  the  difference  between  the  car- 
thamus of  our  climates  and  that  of.  the  Levant.  Carthamus  ftiould  be  kept  in 
a moift  place,  as  its  becoming  too  dry  would  be  injurious. 

There  are  many  reafons  to  induce  us  to  enrich  our  agriculture  with  this  pro- 
duction. The  feeds  of  carthamus  are  very  good  food  for  wild  fowl,  and  parti- 
cularly for  parrots,  whence  they  have  received  the  name  of  grain  de  perroquet. 
An  ufeful  oil  might  be  expreffed  from  them,  and  the  refidue  given  to  cattle. 
The  dry  leaves  and  (talks  would  ferve  as  fodder  for  fheep  and  goats  in  the  winter; 
and  thofe  (talks  which  are  too  large  might  be  ufed  as  fuel,  after  they  had  (tripped 
them.  Mr.  Beckmann  has  found  the  carthamus  ripen  well  at  Gottingen,  where 
the  foil  is  fandy.  The  ground  (hould  be  moderately  dunged ; and  the  plant 
neither  tranfplanted  nor  watered. 

No  ufe  is  made  of  the  yellow  fubftance  of  carthamus  : but  to  extraCl  that  part, 
it  is  put  into  a bag  and  trodden  in  water  till  no  more  colour  can  be  preffed  out. 
The  flowers,  which  were  yellow,  become  reddifh  in  this  operation,  and  lofe 
nearly  half  their  weight  : it  is  in  this  ftate  they  are  ufed. 

The  yellow  fubftance  might  however  be  employed  : and  Mr.  Poerner  has 
made  many  experiments  on  the  fubjeCt.  The  principal  refults  of  his  experiments 
were,  that  wool  without  any  preparation  takes  from  it  a yellow  colour,  which 
is  not  permanent ; but  that  which  it  takes  after  having  been  prepared  with  alum 
and  tartar,  though  not  very  lading,  is  better.  Mr.  Beckmann  afferts,  that  cloth 
prepared  with  tartar,  or  with  tartar  and  alum,  acquires  from  it  a good  yellow 
colour  ; and  that  carthamus  contains  more  yellow  colouring  matter  than  an  equal 
weight  of  fuftic  itfelf. 

To  extraCt  the  red  part  of  carthamus,  and  afterwards  apply  it  on  the  (luff,  re- 
courfe  is  had  to  the  property  alkalis  poffefs  of  diflolving  it,  and  it  is  precipitated 
by  means  of  an  acid.  It  has  been  found,  that  lemon-juice  produces  the  fined 
colour.  Mr.  Beckmann  fays  that,  next  to  this,  the  vitriolic  acid  produces  the 
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bed  effetd,  provided  a proper  quantity  only  be  ufed  : too  much  of  it  would 
alter  and  deftroy  the  colour.  According  to  Scheffer,  the  juice  of  the  berries  of 
the  fervice-tree  (forbus  aucupatorius)  may  be  fubdituted  for  lemon-juice.  It  is 
thus  prepared.  The  berries  are  bruifed  in  a mortar  with  a wooden  peftle,  and 
the  expreffed  juice  is  left  to  ferment : it  is  then  bottled,  and  the  clear  part,  which 
is  mod  acid,  becomes  fitter  for  ufe  the  longer  it  is  kept.  This  operation  requires 
fome'months,  and  dtould  be  undertaken  only  in  dimmer. 

It  has  been  feen,  that  the  procefs  confids  in  extracting  the  red  colouring  matter 
by  means  of  an  alkali,  and  precipitating  it  with  an  acid.  From  this  precipitate 
is  procured  the  rouge  ufed  by  ladies.  To  make  it,  the  folution  of  carthamus  is 
prepared  with  crydals  of  foda,  and  precipitated  by  lemon-juice,  which  has  flood 
fome  days  to  fettle.  It  has  been  remarked,  that  lemons  beginning  to  decay  were 
fitter  for  this  purpofe  than  thofe  lefs  ripe,  the  juice  of  which  retains  much  muci- 
lage. The  precipitate  of  carthamus  is  dried  on  plates  of  delft  with  a gentle  heat : 
from  thefe  it  is  feparated,  and  ground  very  accurately  with  talc,  previoufly  re- 
duced to  a very  fubtile  powder  by  means  of  thedeaves  of  fhave-grafs,  and  paffed 
fucceflively  through  fieves  of  different  degrees  of  flnenefs.  The  finenefs  of  th® 
talc,  and  its  proportion  to  the  precipitate  of  carthamus,  make  the  difference  be- 
tween the  cheaper  and  dearer  rouges. 

Wool  may  be  dyed  red  by  means  of  carthamus,  as  Mr.  Beckmann  has  expe- 
rienced ; but  this  red  foon  changes  towards  an  orange  : and  as  the  fined  and 
mod  various  reds  may  be  obtained  from  cochineal,  which  are  at  the  fame  time 
much  more  permanent  than  thofe  of  carthamus,  the  ufe  of  the  latter  for  wool  is 
relinquifhed. 

Carthamus  is  ufed  for  dyeing  filk  poppy  colour,  a bright  orange  red  (nacarat) 
cherry,  rofe,  and  fielli  colour.  The  proceffes  differ  according  to  the  intenfity 
of  the  colour  to  be  given,  and  the  degree  in  which  it  approaches  that  of  fire  : 
but  the  carthamus  bath,  which  varies  in  the  mode  of  ufing,  is  prepared  as  fol- 
lows : 

After  having  extraded  the  yellow  matter  of  the  carthamus,  and  opened  the 
cakes,  it  is  put  into  a deal  trough,  where  it  is  fprinkled  at  different  times  with 
foda,  or  cendres  gravelees,  the  former  of  which  is  bed,  well  powdered:  and  fifted, 
in  the  proportion  of  fix  pounds  to  a hundred  ; mixing  it  well  as  the  alkali  is* 
put  in.  This  operation  is  called  amedrer.  The  carthamus  thus  mixed  with 
the  alkali,  is  put  into  a fin  all  trough  with  a grated  bottom,  fird  lining  it  with  a 
clofely  woven  cloth.  When  this  trough  is  nearly  half  filled,  it  is  placed  upon  the 
large  one,  and  cold  water  is  poured  on  it,  till  the  lower  trough  is  full.  The 
carthamus  is  then  fet  over  another  trough,  till  the  water  comes  from  it  almoft 
colourlefs.  A little  more  alkali  is  then  added,  and  frefii  water  is  poured  on. 
Thefe  operations  are  repeated,  till  the  carthamus  is  exhaufted,,  and  becomes 
yellow. 

The  filk  being  diftributed  on  the  rods  in  hanks,  lemon-juice,  which  comes 
from  Provence  in  calks,  is  poured  into  the  bath,  till  it  is  of  a fine  cherry  colour. 
This  is  called  turning  (virer)  the  bath.  Having  dirred. the  bath  well,  the  filk 
is  dipped  in,  and  turned  on  the  fkein  dicks  as  long  as  it  appears  to.  get  any 
colour.  For  poppy  colour,  it  is  taken  out,  wrung,  drained  on  the  pegs,  and 
paffed  through  a new  bath,  where  it  is  treated  as  in  the  former.  It  is  then  dried, 
and  paffed  through  frefh  baths,  walking  and  drying -it  afier  every  operation, 
till  it  has  obtained  the  depth  of  colour  required.  When  it  is  at  the  proper 
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point,  it  is  brightened,  by  turning  it  feven  or  eight  times  in  a bath  of  hot  water, 
to  every  bucket  of  which  about  a gallon  of  lemon-juice  is  to. be  added. 

When  filk  is  to  be  dyed  poppy  or  fire  colour,  it  muff  be  firft  fcoured  as  for 
white,  and  muft  then  have  a flight  annotto  ground,  in  the  manner  defcribed  in 
that  article.  This  filk  ought  not  to  be  alumed. 

Bright  orange,  reds,  and  deep  cherry  colours,  are  treated  exadlly  in  the  fame 
way  as  poppy  colour,  except  that  they  have  not  the  annotto  ground,  and  that 
they  may  be  dipped  in  the  baths  that  have  been  already  ufed  for  poppy  colour, 
which  will  exhaufl  them.  Frefh  baths  are  never  made  for  thefe  colours,  unlefs 
the  d.yer  has  nooccafion  for  a poppy. 

The  lighter  cherry  colours,  rofe  colours  of  every  fhade,  and  flefh  colours, 
are  made  from  baths  of  the  fecond  and  third  runnings  of  the  caithamus,  which 
are  weaker  than  the  firft.  In  thefe  the  deepeft  fhades  are  firft  dipped. 

The  lighted:  of  all  thefe  fhades,  which  is  a very  pale  flefh  colour,  requires  a 
little  foap  to  be  put  into  the  bath  : this  foftens  the  colour,  and  prevents  it  from 
taking  too  quickly  or  unevenly.-  The  filk  is  then  wafhed,  and  brightened  a 
little  in  the  bath  which  has  been  ufed  for  brightening  the  deeper  colours. 

All  thefe  baths  are  ufed  as  foon  as  they  are  made,  and  as  quickly  as  pofiible, 
as  by  keeping  they  lofe  much  of  their  colour,  which  would  even  be  entirely  loft 
after  a time.  They  are  alfo  ufed  cold,  becaufe  the  red  feculse  lofe  their  colour 
on  being  expofed  to  heat.  The  reader  muft  have  obferved,  that  in  the  above 
experiments,  cauftic  alkalis  attack  the  delicate  colour  of  carthamus,  and  turn  it 
yellow  : on  this  account  cryftals  of  foda  fhould  be  preferred  to  any  other  alkali. 
At  leaft  we  fhould  choofe  one  that  contains  moft  carbonic  acid,  as  fait  of  tar- 
tar. ■ - 

To  lefienthe  expence  of  carthamus,  it  is  ufual,  for  deep  fhades,  to  mix  with 
the  firft  and  fecond  bath,  about  a fifth  of  the  bath  of  archil. 

When  raw  filk  is  to  be  dyed,  that  which  is  very  white  fhould  be  chofen  and 
treated  as  boiled  filk,  with  this  difference  only,  that  the  poppy  colours,  bright 
orange,  reds*  and  cherry  colours,  are  paffed  through  baths  that  have  been  ufed  for 
the  fame  colours  for  fcoured  filk,  becaufe  the  raw  filk  in  general  takes  colours 
more  readily. 

Poppy  colour  prepared  in  an  acid  liquor  refills  the  aftioii  of  vinegar,  but  it 
foon  changes  and  fades  in  the  air.  Scheffer  fays,  that  when  he  ufed  the  juice  of 
fervices  inftead  of  lemon-juice,  the  colour  flood  fomewhat  longer. 

tylr.  Beckmann  has  made  fome  experiments  on  applying  the  red  colour  of  car- 
thamus to  cotton.  Having  macerated  cotton  two  hours  in  melted  lard,  he  wafhed 
it  well,  and  dyed  it  in  the  common  way,  with  carthamus  deprived  of  its  yellow 
matter.  This  cotton  took  a deeper  colour  than  fome  which  had  undergone  no 
preparation.  Soap  fucceeded  equally  well ; and  olive  oil  ftill  better.  Mr.  Beck- 
mann then  dipped  his  cotton  in  oil  repeatedly,  drying  it  each  time.  After  the 
Jaft  drying  he  wafhed  and  dried-  it,  and  then  paffed  it  through  the  yellow  bath 
of  carthamus,  to  which  he  added  galls  and  alum.  Finally,  he  dyed  it  with  the 
alkaline  folution  of  carthamus  and  lemon-juice.  By  thefe  means  he  obtained  a 
fine  full  red.  Cotton  treated  in  the  fame  manner,  without  having  been  impreg- 
nated with  oil,  took  a colour  of  the  fame  kind,  but  lefs  full,  and  lefs  capable  of 
Handing  the  aftion  of  the  air.  From  thefe  experiments  he  thinks  that  cotton,  to 
be  dyed  with  carthamus,  fhould  receive  a preparation  fimilar  to  that  given  it  for 
the  Adrianople  red. 


5 


S A F 


( 793  ) 


SAL 


To  dye  cotton  poppy  colour,  Mr.  Wilfon  diredls  the  carthamus,  thoroughly 
freed  from  the  yellow  colouring  matter,  to  be  put  into  a veffel,  at  the  bottom  of 
which  is  a hair  lieve,  and  to  pour  on  it  a folution  of  pearl- allies,  mixing  them 
well,  and  leaving  them  to  Hand  all  night.  The  next  morning  the  liquor  is  to  be 
drawn  off  by  a cock  at  the  bottom  of  the  veffel,  and  the  cotton  to  be  dyed  is  co 
be  putinto  it  and  turned  by  means  of  a winch.  In  the  mean  time  a folution  of 
tartar  is  prepared,  and  left  to  fettle ; and  whilft  it  is  yet  hot,  it  is  poured  into  the 
carthamus  bath,  till  the  liquor  is  rendered  a little  four.  The  cotton  mull  con- 
tinue to  be  turned  in  this,  till  it  has  acquired  the  proper  fliade.  It  is  then  walhed 
lightly,  and  dried  in  a Hove.  In  this  way  it  obtains  a fine  colour. 

To  give  cotton  a fcarlet,  it  mull  firft  be  dyed  yellow  in  the  manner  directed 
under  the  article  Annotto,  and  whilft  yet  wet,  mull  be  dyed  with  carthamus, 
in  the  manner  juft  defcribed.  It  thus  acquires  a fine  fcarlet ; but  it  is  not  perma- 
nent, and  will  not  Hand  wafhing. 

SAFFRON  OF  METALS,  is  crude  antimony,  half  deprived  of  its  ful- 
phur  and  partly  calcined  by  detonation  of  crude  antimony  with  nitre,  and  after- 
wards well  wafhed  ; or  it  is  liver  of  antimony  deprived  of  all  faline  matter  by  a 
fufficient  wafhing.  This  preparation  is  a violent  and  uncertain  emetic,  not  ufed 
by  prudent  phyficians. 

SAGAPENUM.  A concrete  juice  brought  from  Alexandria,  either  in  dif- 
tin£l  tears,  or  run  together  in  large  mafles.  It  is  outwardly  of  a yellowifh  co- 
lour ; internally,  fomewhat  paler,  and  clear  like  horn  ; grows  foft  upon  being 
handled,  and  flicks  to  the  fingers : its  tafte  is  hot  and  biting ; the  fmell  dil- 
agreeable,  by  fome  refembled  to  that  of  a leek,  by  others  to  a mixture  of  afafoe- 
tida  and  galbanum. 

An  ounce  of  the  purer  fort,  examined  by  Neumann,  with  rectified  fpirit  of 
wine  yielded  in  digeftion  five  drams  and  fix  grains  of  refinous  extrad  : the  re- 
mainder, boiled  with  water  in  a clofe  veffel  fo  long  as  it  gave  out  any  thing  to 
the  menftruum,  yielded  five  fcruples  and  eight  grains  of  gum,  one  dram  and 
five  grains  being  left  undiffolved.  Another  ounce,  treated  firft  with  water,  gave 
two  drams  two  fcruples  and  a half  of  gummy  extrad;  and  afterwards  with  redi- 
fied  fpirit,  four  drams  and  one  grain  of  refin,  one  dram  and  fix  grains  being  left. 
The  diftilled  fpirit  is  fenfibly,  and  the  diftilled  water  ftrongly,  impregnated  with 
the  flavour  of  the  fagapenum  : along  with  the  water  arifes  a confiderable  portion 
of  adual  oil. 

SAGO.  This  is  the  produce  of  an  oriental  tree,  called  by  C.  Bauhine  pal- 
mam  referens  arbor  farinifera.  The  medullary  part  of  the  tree  of  a middle  age 
or  growth,  is  beaten  with  water,  and  made  into  cakes,  which  are  ufed  by  the 
Indians  as  bread.  They  likewife  put  the  powder  into  a funnel,  and  wafh  it  with 
water  over  a hair-fieve,  which  allows  only  the  finer  part  to  pafs  through  the 
water.  The  water,  on  Handing,  depolits  the  fecula ; which  being  paffed 
through  perforated  copper-plates  is  formed  into  the  grains  called  fago.  It  forms 
an  agreeable  jelly  with  water,  milk,  or  broth,  and  is  much  ufed  in  phthifical  and 
convalefcent  cafes. 

SAL  AMMONIAC.  .See  Ammoniacal  Salts. 

SALMI  AC.  A word  fometimes  ufed  for  fal  ammoniac. 

SALTS.  Salts  or  faline  bodies  formerly  conftituted  a principal  divifion  of 
chemical  matters.  The  charaders  attributed  to  them  were  a ftrong  tendency  to' 
combination,  fapidity,  folubility  in  water,  and  incombuftibility.  But  the  accu- 
racy of  modern  fcience  has  (hewn  that  thefe  properties,  and  all  others  which 
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{t  fele&ed  to  diftinguifh  fuch  bodies  which  are  admitted  to  be  faline,  are  attended 
with  confiderable  uncertainty.  The  tendency  to  combination  is  univerfal,  and 
no  lefs  ftrong  in  many  other  bodies  than  in  a large  number  of  the  falts.  Sapidity 
is  evidently  no  lefs  general.  Solubility  in  water  is  fcarcely  perceptible  in  a great 
number  of  faline  compounds,  and  is  a marked  charadler  in  others  not  faline, 
fuch  as  ardent  lpirit,  ether,  mucilage,  ferum,  and  the  like.  Neither  is  the 
incombuftibility  of  fairs  more  exclufive  than  their  other  attributes.  The  mineral 
kingdom  abounds  with  incombuflible  matters,  which  are  not  falts  j and  there 
are  falts,  fuch  as  the  acid  of  benzoin,-  the  volatile  alkali,  and. others  more  com- 
pounded, which  are  not  dehitute  of  this  property.  The  true  limits  which  divide 
falts  from  other  bodies  have  not  therefore  been  afcertained.  Whence  it  feems  rea- 
fonable  to  infer,  not  fo  much  the  difficulty  of  the  fubjedl,  as  that  the  divifion  itfelf 
appears  to  be  of  little  utility. 

Solubility  in  water  is  retained  by  modern  chemifts  as  a dihindlive  character  of 
falts,  but  in  an  arbitrary  and  indiflindt  way.  Thus  it  is  remarked,  that  all  bo- 
dies inown  only  by  the  name  of  falts  are  foluble  in  lefs  than  two  hundred  times 
their  weight  of  boiling  water.  A furer  way  of  rendering  this  diftindtion  ufeful 
confihs  in  attending  to  the  component  parts.  Alkalis,  acids,  and  fuch  com- 
pounds as  they  enter  into,  are  diflinguifhed  generally  by  the  name  of  falts.  The 
two  former  are  called  fimple  falts.  Compounds  of  alkali  and  acid  are  called  neutral 
falts.  Bergman  diftinguilhes  the  compounds  of  acid  and  metal  by  the  name  of  mid- 
dle falts,  but  it  may  perhaps  be  more  convenient  to  ufe  the  accepted  term  metallic 
falts.  No  appropriate  name  has  been  given  to  the  combinations  in  which  the 
faline  charadler  is  produced  by  an  alkali  without  an  acid. 

An  enumeration  of  all  the  falts,  fimple  and  compound,  together  with  an  ac- 
count of  their  charadters,  would  comprehend  the  whole  of  chemical  fcience.  For 
there  are  no  bodies  in  nature  which  are  not  capable  of  uniting  with  fome  faline 
fubftance.  We  thall,  therefore,  refer  the  reader  to  the  articles  Acids,  and  Alkalis, 
for  the  properties  of  thofe  falts,  and  their  compounds;  and  to  the  refpedlive 
earths  and  metals,  for  the  falts  of  which  they  conflitute  the  bafes.  For  a general 
arrangement  or  enumeration  and  their  component  parts,  the  article  Nomenclature, 
and  the  Table  of  Principles  in  our  Appendix,  may  be  confulted. 

SALT,  COMMON.  The  cryflals  of  common  fait  are  right  angled  fix-fided 
folids,  and  are  ufually  faid  to  be  cubes.  Thefe  form  at  the  furface,  where  the 
evaporation  is  the  greatefl  ; and  they  float  by  virtue  of  the  repulfive  power  of  their 
dry  upper  furfaces,  which  difplace  a quantity  of  the  furrounding  water  : a cir- 
eumftance  common  to  all  fuch  fmall  bodies  as  are  not  eafily  wetted.  When  the 
cryftal  becomes  too  large  to  befufpended  in  this  way,  it  finks.  If  two  floating  cryf- 
tals  come  fo  near  each  other  as  that  the  hollow  fpaces  may  communicate,  they 
fall  together  into  one  cavity  at  the  furface,  without  finking  ; and  the  fucceffive 
appofuion  of  other  -cryflals  often  produces  a curious  hollow  pyramid,  which  is 
fquare,  becaufe  the  figure  of  the  cryflals  themfelves  occafions  them  to  apply  to 
each  other  only  in  the  pofition  required  to  produce  fuch  a folid. 

Common  fait  does  not  alter  in  the  air:  but,  when  expofed  to  heat,  it  cracks 
and  flies  in  pieces,  by  the  efcape  of  its  water  of  cryflallization.  A greater  heat 
ignites  and  melts  it ; and  a hill  greater  caufes  it  to  rife  totally  in  white  fumes. 
The  adlioti  of  fea-falt  upon  earths  is  not  confiderable.  It  affifts  the  fufion  of  fili- 
ceous  earth  ; and  is  thrown  into  the  furnace  wherein  the  pottery  called  hone-ware 
is  baked,  where  it  rifes  in  fumes,  and  glazes  their  furface  ; probably  by  the  com- 
bination of  its  alkali  with  the  filiceous  earth  contained  in  the  clay. 
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Common  fait  is  found  in  large  mafles,  or  in  rocks  under  the  earth,  in  En~ 
gland  and  elfewhere.  In  the  folid  form  it  is  called  fal  gem  or  rock  fait.  If  it  be 
pure  and  tranfparent,  it  may  be  immediately  ufed,  in  the  ftate  in  which  it  Is 
found  ; but  if  it  contain  any  impure  earthy  particles,  it  Ihould  be  previoufly  freed 
from  them.  In  fome  countries  it  is  found  in  incredible  quantities,  and  dug  up 
like  metals  from  the  bowels  of  the  earth.  In  this  manner  has  this  fait  been  dug 
out  of  the  celebrated  fait  mines  near  Bochnia  and  Wieliczka,  in  Poland,  ever 
fince  the  middle  of  the  13th  century,  confequently  thefe  500  years,  in  fuch 
amazing  quantities,  that  fometimes  there  have  been  20,000  ton  ready  for  fale. 
In  thefe  mines,  which  are  faid  to  reach  to  the  depth  of  feveral  hundred  fathoms, 
500  men  are  conftantly  employed.  The  pure  and  tranfparent  fait  needs  no  other 
preparation  than  to  be  beaten  to  fmall  pieces,  or  ground  in  a mill.  But  that 
which  is  more  impure  mull  be  elutriated,  purified,  and  boiled.  That  which 
is  quite  impure,  and  full  of  fmall  {tones,  is  fold  under  the  name  of  rock  fait,  and 
is  applied  to  ordinary  ufes ; it  may  likewife  be  ufed  for  ftrengihening  weak  and 
poor  brine-fprings. 

Though  the  fait  mines  of  Wieliczka,  near  Cracow  in  Poland,  have  long 
aflonifhed  the  philofopher  and  traveller,  yet  it  deferves  to  be  remarked,  that  the 
quantity  of  rock  fait  obtained  from  the  mines  of  Northwich  is  greatly  fuperior  to 
that  obtained  at  Cracow.  The  Bifhop  of  Llandaff  affirms  that  a fingle  pit,  into 
which  he  defcended,  yielded  at  a medium  4000  tons  of  fait  in  a year,  which 
alone  is  about  two  thirds  of  that  raifed  in  the  Polith  mines.  This  rock  fait  is  ne- 
ver ufed  on  our  tables,  in  its  crude  ftate,  as  the  Polith  rock  fait  is  ; and  though 
the  pure  tranfparent  fait  might  be  ufed  with  our  food,  without  any  danger,  yet 
it  is  prohibited  under  a penalty  of  40s.  for  every  pound  of  rock  fait  fo  applied. 
It  is  partly  purified  in  water,  and  a great  part  of  it  is  fent  coaftwife  to  Liverpool 
and  other  places,  where  it  is  ufed  either  for  ftr-engthening  brine-fpings  or  fea- 
water. 

Betides  the  fait  mines  here  mentioned,  where  the  common  fait  is  found  in  a 
concrete  ftate,  under  the  name  of  rock  fait,  there  is  at  Cordova,  in  the  province 
of  Catalonia  in  Spain,  a remarkable  folid  mountain  of  rock  fait : this  mountain 
is  between  four  and  five  hundred  feet  in  height,  and  a league  in  circuit ; its 
depth  below  the  furface  of  the  earth  is  not  known.  This  mountain  contains  the 
rock  fait  without  the  leaft  admixture  of  any  other  matter.  Vid.  V Hiftoire  Na- 
turelle  de  l’Efpagne,  p.  406  ; or  Dr.  Watfon’s  Chemical  Efiays,  vol.  ii. 

The  waters  of  the  ocean  everywhere  abound  with  common  fait,  though  in  dif- 
ferent proportions.  The  water  of  the  Baltic  fea*  is  faid  to  contain  one  fixty- 
fourth  of  its  weight  of  fait ; that  of  the  fea  between  England  and  Flanders  contains 
one  thirty-fecond  part ; that  on  the  coafts  of  Spain  one  fixteenth  part ; and  be- 
tween the  tropics  it  is  faid,  perhaps  erroneoufly,  to  contain  from  one  eleventh  to 
one  eighth  part. 

The  water  of  the  fea  contains,  befides  the  common  fair,  a confiderable  pro- 
portion of  magnefian  marine  fait,  and  fome  gypfum,  or  lime  combined  with  vi- 
triolic acid.  The  magnefian  fait  is  the  chief  ingredient  of  the  remaining  liquid 
which  is  left  after  the  extraction  of  the  common  fait,  and  is  called  the  mother 
water.  Sea  water,  if  taken  up'near  the  furface,  contains  alfo  the  putrid  remains 

* Rome  de  Title’s  Cryftallographie,  vol.  i.  p.  375,  quoted  by  Magellan  in  his  improved  edition  of 
Cronftedt,  p.  360, 
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of  animal  fubftances,  which  render  it  naufeous,  and  in  a long  continued  calm- 
caufe  the  fea  to  (link.  \ 

The  whole  art  of  extrading  fait  from  waters  which  contain  it,  confifts  in  eva- 
porating the  water  in  the  cheapefl  and  moft  convenient  manner.  In  England, 
a brine  compofed  of  fea  water, -with  the  addition  of  rock  fait,  is  evaporated  in 
large  fhallow  iron  boilers;  and  the  cryftals  of  fait  are  taken  out  in  balkets.  In 
Ruffia,  and  probably  in  other  northern  courlpies,  the  fea  water  is  expofed  to 
freeze;  and  the  ice,  which  is  almoft  entirely  ffefh,  being  taken  out,  the  remain- 
ing brine  is  much  ftronger,  and  is  evaporated1  by  boiling.  In  the  fouthern  parts 
of  Europe  the  falt-makers  take  advantage  ;6f  fpontaneous  evaporation.  A flat 
piece  of  ground  near  the  fea  is  chofen,  and' banked  round,  to  prevent  its- being 
overflowed  at  high  water.  The  fpace  within  the  banks  is  divided  by  low.  walls 
into  feveral  compartments,  which  fucc^ftively  communicate  with,  each  other,, 
At  flood  tide,  the  firft  of  thefe  is  filled fwith  fea  water;  which,  by  remaining  a 
certain  time,  depofits  its  impurities,  and  lofes  part  of  its  aqueous  fluid.  The  re- 
fidue  is  then  differed  to  run  into  the  next  compartment ; and  the  former  is  again 
filled  as  before.  From  the  fecond  compartment,  after  a due  time,  the  water  is 
transferred  into  a third,  which  is.lined  with  clay  well  rammed  and  levelled; 
At  this  period  the  evaporation  is  ufually  brought  to  that  degree,  that  a cruft  of 
fait  is  formed  on  the  furface  of  the  water,  which  the  workmen  break,  and  it  im- 
mediately falls  to  the  bottom.  They  continue  to  do  this,  until  the  quantity  is. 
diffident  to  be  raked  out,  and  dried  in  heaps..  This  is  called  bay  fait. 

In  fome  parts  of  France,  and  alfo  on  the  coafts  of  China,  they  wafh  the  dried 
fands  of  the  fea  with  a finall  proportion  of  water/and  evaporate  this  brine,  in 
leaden  boilers. 

There  is  no  difference  between  this  fait- and  the  lake  fa.lt  extraded  from  dif- 
ferent lakes,  excepting  fuch  as  may  be  occafioned  by.  the  cafual  intervention  of 
fome  fubftances.  In  this  refped  the  Jeltonic  falt-water  lake  in  the  Ruffian  do- 
minions near  Saratow  and  Dmitrewfk,  deferves  our  attention.  In  the  year  1748, 
when  the  Ruffians  firft  fetched  fait  from  thence,  the  lake  was  almoft  folid  with* 
fiilt ; and  that  to  fuch  a degree  that  they  drove  their  heavy  waggons  over  it,  as- 
over  a frozen  river,  and  broke  up  the  fait.  But  fince  the  year  1757,  the  water 
has  increafed  fo  much,  that  at  this  prefent  time  it  is  nothing  more  than  a lake- 
very  ftrongly  impregnated  with  fait.  The  Jeltonic  lake  fait  contains  at  the  fame 
time  alum  and  Epfom  fait. 

At  feveral  places  in  Germany,  and  at  M'ontmarot  in  France,  the  waters  of  fait; 
fprings-  are  pumped  up  to  a large  referv.oir  at  the  top  of  a building  or  filed ; from  , 
which  it  drops  or  trickles  through  fin-all-  apertures  upon  boards  covered  with, 
brufh-wood..  The  large  furface  of  the  water  thus  expofed  to  the  air  caufes  a* 
very  confiderable  evaporation;  and  the  brine  is  afterwards  cpnyeyed . to  the^ 
boilers  for  the  perfed  feparation  of  the  fait. 

The  works  at  Montmarot  are  thus  defcribed  by  Foureroy- : 

The  water  of  the  fprings  is  conveyed  by  pumps  into  a large  refervoir  placed  at 
the  top  of  a died  of  a peculiar  conftrudion.  Under  this  fhe.d  are  fufpended- 
boards  covered  with  little  faggots-  of  thorns.  The  water  falling,  upon  tho.fe  fag-, 
gots  through  finall  cocks,  is  divided  into  very  minute,  drops;  and  as  it  thus  ex-, 
pofes  a great  deal  of  furface  to  the  air  circulating  rapidly  under  the  (lied,  nearly 
two  thirds  of  it  is  evaporated.  What  is  depofited  on  the  faggots  is  fulphate  of 
lime,  or  fdenite.  And  when  the  liquor,  upon  trial  with  an  inftrument  for  the- 
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purpofe,  is  found  to  be  charged  with  fait  to  a certain  degree,  it  is  conveyed  into 
large  iron  boilers  fupported  by  bars  of  the  fame  metal,  which  crofs  the  bottom  of 
the  velfels,  and  reft  on  pieces  of  wood  placed  on  each  fide.  Thefe  boilers,  which 
are  called  ftoves,  are  very  large  and  (hallow*  and  hold  an  hundred  hogfheads  of  the 
fait  water.  They  are  then  urged  with  a ftrong  -fire.  When  the  water  boils  up  in 
large  bubbles,  it  is  at  firft  muddy*  and  foon  depofits  an  ochreous  earth  on  its  fur- 
face  in  the  form  of  a fcum.  ATalt  which  is  fcarcely  foluble,  and  is  called  by 
the  workmen  fchlot,  is  next  feparated  : this  fait  is  nothing  but  fulphate  of  lime 
mixed  with  a little  muriate  of  foda5  fulphate  of  foda,  and  earthy  muriates.  See 
Nomenclature.  It  is  conveyed- by  the  circulation  of  the  boiling  liquor  into  lit- 
tle troughs  placed  round  the  fides  of  the  boilers  for  the  purpofe.  Thefe.  troughs 
are  taken  out  and  cleared  from  time  to  time>  till  a great  quantity  of  fmall  cubical 
cryftals,  called  by  the  workmen  pieds  de  mouches,  are  obferved  floating  on  the 
furface  of  the  liquor.  They  are  then  taken  away  for  the  laft  time.  The  fire  is  di- 
minifhed,  and  the  muriate  of  foda  is  taken  off  with  ladles  as  faftas  itis  cryftallized.. 
The  evaporation  is  thus  continued  as  long  as  the  water  continues  to  afford  cryf- 
tals. The  fait  thus  obtained  is  in  larger  or  fmaller  cryftals,  according  to  the. 
flownefs  or  rapidity  of  the  evaporation.  The  water  which  remains  when  cryftals? 
are  no  longer  obtained,  is  called  mother  water,  and  contains  earthy  muriates. 

Wallerius  gives  an  account  of  a fourth  procefs  for  obtaining  fait  from  fea  water, 
which  is  praftifed  in  the  north.  The  water  is  confined  in  trenches  on 'the  fhore  : 
as  it  forms  but  a fmall  ftratum,  the  cold  foon  penetrates  through  and  freezes  ir. 
But  as  that  portion  neceffary  for  the  folution  of  the  fait  contained  in  the  whole 
quantity  of  water  cannot  be  converted  into  ice,  what  remains  fluid  contains  all  the 
fait,  and  isfo  concentrated  that  the  moft  moderate  heatcaufes  it  to  afford  muriate 
of  foda  in  cryftals:  it  is  then  conveyed  into,  leaden  boilers,  and  evaporated 
by  fire. 

The  decompofirion  of  common  fait,  fo  as  to  feparate  the.  alkali,  has  not  been 
cheaply  enough  effected  for  the  purpofes  of  commerce.  Litharge  unites  with  the 
acid,  and  difengages  the  alkali.  See  Alkali  Mineral,  alfo  Lead.  Kirwan 
has  ufed  fugar  of  lead  for  the  fame  purpofe. 

SALT,  SPIRIT  OF.  The  marine  acid  was  formerly  called  fpirit  of  fait,  but 
this  appellation  has  long  fince  been  difufed  by  philofophical  chemifts.  But  it  is 
ftill  the  name  of  the  article  in  commerce.  See  Acid  Marine.  . 

SALTPETRE.  See  Nitre. 

SAND.  Sand  is  . an  aflemblage  of  fmall  ftones.  It  is  ufually  produced  by  the 
mechanical  divifion  arifing  from,  agitation  in  water.  All  ftones  but  thofe  of  the 
filiceous  order  are  fo  foft,  that  the  comminution  thus  produced, is  ufually  carried 
in  them  to  an  extreme  degree,  fo  as  to  form  dull  or  mud,  and  their  difpofition  to 
unite  or  adhere  together  commonly  produces  ftones  of  a different  texture  from 
tli at  before  poffeffed  by  the  particles.  In  this  way  it  appears  that  chalks,  clays,, 
marles,  and  other  conliftent  matters  may  be  formed  out  of  harder  or  more  fym- 
metrical  materials  worn  down.  But  the  filiceous  earth  being  not  only  very  hard, 
but  likewife  indffpofed  to  adhere  together,. retains  the.  form  of  fand  as  foon  as  the 
parts  have  become  fo  fmall  as  to  be  deficient  in  the  weight  requiftte  to  enable  the 
parts  to  fliakeand  break  each  other..  Sand  is  therefore  always  underftood  to  de- 
note a filiceous  matter. 

The  chief :ufes  of  fand  in  chemiftry  are  in  compofitions  for  pottery  and  glafs. 
Some  fands  are  more  and  fome  lefs  fulible,  according  to  the  various  hard  ftones 
from  which  they  may  have  originated.  The  fize  of'  the  particles  is  of  fome  im- 
portance in  thefe  works.  As  an  alkali  in  fufion  diflolves  filiceous  earths  in  lefs 
6 time 
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time  the  greater  the  furface  of  adion,  or,  which-  is  the  fame  thing,  the  finer  the 
particles  of  fand,  this  kind  is  accordingly  preferred  for  vitrifications. 

SAND-BATH.  See  Bath. 

SANDARACH.  A name  fomeiimes  given  to  the  combination  of  aifenic  and 
fulphur.  See  Or  pi  me  nt. 

SANDARACH  GUM.  A refin  in  white  tears,  poflefiing  a confiderable  de- 
gree of  tranfparency.  It  is  obtained  from  the  juniper  tree,  in  which  it  occu- 
pies a place  between  the  bark  and  the  wood.  Its  powder  is  well  known  by  the 
name  of  pounce,  to  be  applied  to  paper  when  the  fize  has  been  fcraped  off  by 
erafion.  It  is  not  a pure  refin,  though  water  appears  to  have  little  if  any  adion 
upon  it.  Three  or  four  tears  were  put  into  pure  ardent  fpirir.  No  remarkable 
appearance  happened  ; but  the  next  day  it  was  found  difl'olved  with  a mucila- 
ginous fluid  at  the  bottom  of  the  veflel,  which  by  agitation  became  uniformly 
diffufed  through  the  fluid,  and  rendered  it  femi-opake.  Refin  is  foluble  in  tal- 
low, by  the  afliftance  of  heat;  but  gum  fandarach,  treated  in  the  fame  manner, 
emitted  bubbles,  fwelled  up,  and  enlarged  its  dimenfions  greatly ; then  became 
brown,  imperfectly  fluid,  and  emitted  fmoke  or  fume  of  the  peculiar  fmell  of 
the  refin.  The  tallow  did  not  appear  to  have  fuffered  any  other  alteration  than 
that  it  became  brownilh.  The  gum  fandarach,  apparently  not  at  all  difl'olved, 
was  crifp  or  friable. 

SANDIVER,  or  Glafs-gall.  This  is  a faline  matter,  which  rifes  as  a fcumin 
the  pots  or  crucibles  in  which  glafs  is  made. 

This  matter  is  chiefly  compofed  of  Glauber’s  fait,  common  fait,  vitriolated 
tartar,  or  other  neutral  falts  which  cannot  enter  into  vitrification,  and  which 
were  originally  contained  in  the  allies  or  alkalis  employed  in  the  compofition  of 
glafs.  Glafs-gall  is  ufed  to  facilitate  the  fufion  of  certain  ores,  and  in  eflays  ; 
but  this  matter  rauft  vary  much,  according  to  the  kinds  of  alkalis  or  allies  from 
which  it  is  produced. 

SAP,  or  water  colours,  are  of  that  nature,  that  they  are  capable  of  being  en- 
tirely diffolved  in  water,  but  are  by  no  means  mifcible  with  oils.  They  are  of  a 
vifcid  nature  ; whence  they  Hand  in  no  need  of  any  cementing  fubftance,  neither 
do  they  dry  eafily  for  this  fame  reafon,  and  are  tranfparent.  All  colouring  juices 
and  extrads  infpiflated  by  evaporation  may  be  ufed  with  this  intention  : as  for 
inftance,  a decod  ion  of  brazil-wood  prepared  with  alum,  and  infpiflated ; ex- 
trad  of  faffron,  refined  Brunfwick  green,  cryftallized  verdegrife,  an  aqueous  ex- 
trad  of  litmus  with  the  addition  of  a little  alkali,  gamboge,  fapgreen,  and  the 
infpiflated  decodion  of  the  green  hulks  of  walnuts.  Of  thefe,  fapgre,  n is  prepared 
from  the  exprefled  juice  of  buckthorn-berries  not  peifedly  ripe  (Rhamnus  ca- 
tharticus  Lin.)  by  gentle  evaporation  to  the  confidence  of  honey.  The  fap  mull 
be  well  clarified  before  it  is  evaporated.  When  it  is  infpiflated,  as  much  alum, 
or,  which  is  Hill  better,  fugar  of  lead,  is  to  be  mixed  with  it  by  little  and  little 
over  the  fire,  as  is  requifite  to  produce  the  fineft  green  colour.  A redundancy 
of  thefe  additions  is  prejudicial.  The  complete  exficcation  muft  be  made  with  a 
gentle  heat,  in  faucers.  The  litmus  above  mentioned,  which  however  contains 
a blue  fap-colour,  is  prepared  in  the  large  way  in  the  manufadories  of  Holland. 
Ferber  gives  the  following  defcription  of  it  : Archil  (Lichen  rocella)  is  to  be 
mixed  with  urine,  lime-water,  flaked  lime,  and  fome  pot-alh,  in  feveral  large 
cifterns,  which  muft  be  kept  under  Ihelter,  and  fuffered  to  Hand  for  feveral 
weeks.  By  this  means  the  mafs  is  rendered  foft,  and  pafles  over  to  a kind  of 
fermentation  or  evolution  of  its  particles,  and  of  the  colouring  matter  contained 
in  them.  Now  and  then  it  is  ftirred,  and  fuffered  to  ftand  macerating,  till  the 
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mafs  is  become  quite  blue,  and  is  converted  into  a muddy  kind  of  pulp.  Upon 
this  the  whole  mixture  is  ground  in  a mill  conftruded  for  the  purpofe,  and  the 
pulpy  magma  dried  in  moulds.  Hitherto  alfo  may  be  referred  the  fine  fap-blue 
difcovered  by  Dr.  Struve.  In  order  to  make  this,  a quarter  of  an  ounce  of 
indigo  is  to  be  reduced  to  powder,  and  triturated  in  a glafs  mortar  with  two 
ounces  of  good  oil  of  vitriol.  After  this,  four  ounces  of  alum  are  to  be  dif- 
folved  in  warm  water,  to  which  muft  be  added  two  ounces  of  a folution  of 
tartar  in  water,  or  as  much  as  is  requifite  for  completing  the  precipitation. 
The  precipitate  is  then  to  be  edulcorated  and  filtered ; and  when  it  is  almoft 
dry,  the  above-mentioned  folution  of  indigo  is  to  be  mixed  with  it.  In  this 
manner  is  obtained  a fine  blue  colour  void  of  all  acrimony,  which  may  be 
mixed  with  water  ad  libitum,  and  with  which  filk,  leather  and  bones  may  be 
tinged  of  different  lhades,  and  which  with  fome  gum  forms  alfo  a fine  fap- 
colour. 

SAPONARIiE  OFFICINALIS  Lin.  Soapwort,  bruifewort;  the  herb  and 
root. 

This  grows  wild,  though  not  very  common,  in  low  wet  places,  and  by  the 
fides  of  running  waters ; a double-flowered  fort  is  frequent  in  our  gardens.  The 
leaves  have  a bitter,  not  agreeable  tafte  ; agitated  with  water,  they  raife  a fapo- 
naceous  froth,  which  is  faid  to  have  nearly  the  fame  effeds  with  folutions  of 
foap  itfelf,  in  taking  out  fpots  from  clothes,  and  the  like.  The  roots  tafte  fweet- 
ifh  and  fomewhat  pungent,  and  have  a light  fmell  like  thofe  of  liquorice  : di- 
ddled in  redified  fpirit,  they  yield  a ftrong  tindure  which  lofes  nothing  of  its 
. de  or  flavour  in  being  infpiffated  to  the  confiftence  of  an  extrad.  This  elegant 
root  has  not  come  much  into  pradice  among  us,  though  it  promifes  from  its  fen- 
fible  qualities  to  be  a medicine  of  confiderable  utility.  It  is  greatly  efteemed  by 
the  German  phyficians  as  an  aperient,  corroborant,  and  fudorific ; and  pre- 
ferred by  the  College  of  Wirtemberg,  Stahl,  Neumann,  and  others,  to  farfapa- 
lilla.  Lewis. 

SAPPHIRE.  See  Precious  Stones,  No.  3. 

SARCOCOLLA  is  a gum-refin,  of  an  ounce  of  which  fix  drams  were  found 
to  be  foluble  by  fpirit  of  wine;  and  feven  drams  and  a half  were  found  to  be  fo- 
Juble  by  water.  Neumann. 

SARDONYX.  SeePRECious  Stones,  No.  20. 

SARSAPARILLA.  From  fixteen  drams  of  this  root  Neumann  obtained  by 
water  fix  drams  of  gummy  extrad,  and  from  an  equal  quantity  he  obtained  by 
fpirit  four  drams  of  refinous  extrad. 

SASSAFRAS.  The  wood  of  this  tree  contains  the  heavieft  of  all  known  ef- 
fential  oils.  Of  this  oil  Hoffman  obtained  an  ounce  and  fix  drams  from  fix 
pounds  of  the  wood  ; and  Neumann  obtained  from  an  equal  quantity  of  wood, 
two  ounces.  From  an  ounce  of  faffafras  four  fcruples  of  extrad  were  obtained  by 
means  of  redified  fpirit;  and  from  an  equal  quantity  of  the  wood  two  drams  were 
extraded  by  water. 

SATURATION.  Some  fubftances  unite  in  all  proportions.  Such,  for  ex- 
ample, are  acids  in  general,  and  fome  other  falts  with  water ; and  many  of  the 
metals  with  each  other.  But  there  are  likewife  many  fubftances  which  cannot  be 
diflolved  in  a fluid,  at  a fettled  temperature,  in  any  quantity  beyond  a certain 
proportion.  Thus  water  will  diffolve  only  about  one  fourth  of  its  weight  of 
common  fait;  and  if  more  be  added  it  will  remain  folid.  A.  fluid  which  holds 
in  folution  as  much  of  any  fubftance  as  it  can  diffolve, . is  faid  to  be  fatu  rated. 
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with  it.  But  faturation  with  one  fubftance  does  riot  deprive  the  fluid  of  its  power 
of  afting  on  and  diflblving  fome  other  bodies,  but  in  many  cafes  increafes  that 
power.  For  example,  water  faturated  with  fait  will  diflolve  fugar ; and  water 
faturated  with  fixed  air  will  diflolve  iron,  though  without  that  addition  its  aCtion 
on  that  metal  is  fcarcely  perceptible.  The  word  faturation  is  likewife  ufed  in  ano- 
ther fenfe  by  chemifts : the  union  of  two  principles  produces  a body  whofe  pro- 
perties are  different  from  thofe  of  its  component  parts,  but  which  refemble  thofe 
of  the  predominating  principle.  When  the  principles  are  in  fuch  proportion  as 
that  neither  may  predominate,  they  are  faid  to  be  faturated  with  each  other  j but 
if  otherwife,  the  mod  predominant  principle  is  faid  to  be  under- faturated,  and  the 
other  over- faturated. 

The  former  kind  of  faturation  is  remarked  in  ether  with  water,  efiential  oils 
with  fpirit  of  wine,  and  moft  neutral  falts  with  water.  If  we  mix  together  and 
agitate  good  ether  with  water,  a part  of  the  ether  unites  with  the  water,  nearly  in 
the  proportion  of  one  to  ten  ; fo  that  if  one  part  of  ether  be  added  to  ten  parts  of 
water,  all  the  ether  difappears  by  being  diffufed  through  the  water,  as  the  Count 
de  Lauraguais  obferves.  If  the  quantity  of  ether  be  more  than  one  tenth  part  of 
the  water,  the  overplus  will  float  diftinCt  upon  the  furface,  like  an  oil. 

Alfo  well  rectified  fpirit  of  wine  can  only  diflolve  a determinate  quantity  of  each 
kind  of  eflential  oil,  which  quantity  varies  according  to  the  kind  of  oil,  and  to  the 
ftate  in  which  it  happens  to  be.  In  general,  the  more  attenuated  they  have  been 
by  rectification,  the  more  they  are  removed  from  a refinous  ftate,  and  the  fmaller 
quantity  of  them  is  foluble.  And  alfo  the  more  highly  rectified  a fpirit  of  wine  is, 
the  larger  quantity  of  oil  it  diflolves. 

Water  is  the  proper  folvent  of  neutral  falts.  It  is  capable  of  diflblving  any  of 
them,  but  moft  of  them  only  in  a certain  quantity ; and  this  point  of  faturation 
of  water  differs  with  different  falts  and  degrees  of  heat  applied.  Macquer  takes 
notice  that  the  point  of  faturation  is  moft  diftinCt  with  thofe  falts  which  contain  a. 
fmall  quantity  only  of  the  water  of  cryftallization,  and  which  are  nearly  equally 
foluble  in  hot  and  in  cold  water.  Such  are  vitriolated  tartar,  and,  ftill  more,  com- 
mon fait. 

When  the  water  is  once  faturated  with  thefe  kinds  of  falts,  the  ftrongeft  and 
longeft  boiling  does  not  diflolve  a grain  more,  and  the  overplus  of  the  fait  remains 
entire  at  the  bottom  of  the  boiling  water  : but  boiling  water  diflolves  an  equal  or 
even  an  unlimited  quantity  of  fome  falts,  chiefly  of  thofe  which  contain  much 
water  in  their  cryftallization,  fuch  as  Glauber’s  fait,  alum,  borax,  martial  and  cu- 
preous vitriols,  and  others  of  that  kind.  The  water  of  cryftallization  of  thefe  falts 
is  alone  fufficient  to  keep  them  diffolved,  by  means  of  heat.  Hence,  when  they 
are  expofed  to  fire  without  water,  they  fuller  a liquefaction,  which  is  very  different 
from  fufion,  and  is  nothing  elfe  than  afolution  of  the  fait  in  the  water  of  its  cryftal- 
lization, and  confequently  lafts  only  till  this  water  be  evaporated.  The  point  of 
faturation  of  water  for  thefe  falts  feems  to  be  indeterminate. 

Of  thofe  fubftances  which  are  capable  of  uniting  without  being  precifely  fatu- 
rated, the  moft  remarkable  are,  water  with  the  pure  acids  or  alkalis,  and  ardent 
fpirit  with  moft  of  the  deliquefcent  falts.  Such  alfo  are  almoft  all  metals  uniting 
with  each  other  : although  many  of  thefe  fubftances  have  a great  affinity  to  each 
other,  as  the  acids  and  alkalis  with  water,  yet  all  their  general  tendency  to  combi- 
nation is  not  exhaufted  in  thefe  kinds  of  union.  On  the  contrary,  in  thefe,  the 
laft-mentioned  author  thinks  that  their  union  is  little  elfe  than  a very  accurate  and 
intimate  mixture.  For  their  diflblving  power  is  not  fatisfied  by  fuch  an  union. 
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but  is  almoft  entirely  preferved.  We  need  not  therefore  be  furprifed,  that  no 
precife  or  determinate  point  of  faturation  is  obferved  betwixt  thefe  fubftances. 
We  may  fay,  in  general,  that  the  point  of  faturation  is  fo  much  more  exadt,  dif- 
tindl,  and  determinate,  as  the  bodies  which  unite  together  have  a ftronger  affinity, 
as  they  more  completely  exhauft  upon  each  other  their  diffolving  power,  or  as 
their  relative  faturation  is  more  nearly  equal  to  their  abfolute  faturation. 

The  examination  of  the  feveral  degrees  of  faturation  which  fubftances  may 
fuftain  by  combining  together,  is  an  objedt  of  great  importance  in  chemiftry. 
This  matter  has  been  fcarcely  begun,  and  yet  it  well  deferves  the  attention  of 
chemifts,  as  it  would  greatly  advance  the  fcience. 

SATURNITE.  By  this  name  Kirwan  diftinguifhes  a fubftance  faid  by  Mon- 
net  to  be  found  in  the  lead  mines  of  Poullaouwen  in  Brittany,  and  feparated  from 
the  lead  ore  during  itstorrefadtion.  According  to  him,  itrefembles  lead  in  its  co- 
lour and  fpecific  gravity,  is  foluble  in  the  fame  acids,  and  with  the  fame  pheno- 
mena; but  is  much  more  fufible,  very  brittle,  eafily  fcorified  and  volatilized, 
and  refufes  to  mix  with  lead  when  in  fufion.  It  were  to  be  wilbed  that  it  was 
better  examined. 

SATYRIUM.  Orchidis  mafcule  radix.  Lin.  Orchis:  the  root. 

This  plant  is  frequently  in  fbady  places  and  moift  meadows  : each  plant  has 
Two  oval  roots,  of  a whitifb  colour,  a vifcid  fweetifh  tafle,  and  a faint  unpleafant 
fmell.  They  abound  with  a glutinous  flimy  juice.  With  regard  to  their  virtues, 
like  other  mucilaginous  vegetables,  they  thicken  the  thin  ferous  humours,  and  de- 
fend the  folids  from  their  acrimony  : they  have  alfo  been  celebrated,  though  on 
no  very  good  foundation,  for  analeptic  and  aphrodifiac  virtues ; and  frequently1 
made  ufe  of  in  thefe  intentions. 

SAUNDERS.  The  wood  of  the  tree  called  red  faunders  contains  a red  colour- 
ing material  ufed  in  dyeing.  Its  colour  refides  wholly  in  a refinous  matter,  and 
hence  it  is  extraftable  by  fpirit  of  wine,  and  not  by  water.  The  red  colour  of 
faunders  imparted  to  fpirit  of  wine,  becomes,  by  diluting  the  tindture  with  more 
fpirit,  yellow.  The  refin  gave  a deep  red  colour  to  oil  of  lavender,  and  a pale 
red  to  oil  of  almonds,  and  to  oil  of  anifeeds ; but  no  colour  to  oil  of  amber  and  to 
oil  of  turpentine.  Tlhe  wood  of  the  tree  called  yellow  faunders  is  from  its  fra- 
grance fometimes  employed  as  a perfume.  From  fixteen  ounces  of  the  rafped 
wood,  digefted  fome  days  in  fait  water,  two  drams  of  effential  oil  were  obtained  by 
cohobation.  Two  drams  of  gummy  extract  may  be  obtained  from  two  ounces 
sf  the  wood  by  water ; and  from  an  equal  quantity  of  wood,  two  drams  and  a 
half  of  refinous  extract  may  be  obtained  by  rectified  fpirit.  Neumann. 

SCAMMONY  is  a gummy  refinous  juice,  which  exfudes  from  the  root  of  a 
fpecies  of  convolvulus,  in  which  incilions  are  purpofely  made  at  a certain  feafon 
of  the  year.  An  ounce  of  Smyrna  fcammony  yielded  with  water  half  an  ounce  of 
gummy  exrradt ; and  rhe  refiduum.  yielded  with  fpirit  two  drams  of  refin,  leaving 
two  drams  of  impurities  undiflolved.  By  applying  rectified  fpirit  at  firft  to  an 
ounce  of  the  fame  fcammony,  two  drams  and  two  fcruples  of  refinous  extract  were 
obtained ; and  from  the  refiduum  water  exrrafted  half  an  ounce  of  gum,  the  in- 
diffoluble  part  amounting  here  to  four  fcruples  only.  Neumann. 

SCORDIUM.  An  ounce  of  the  diied  leaves  of  fcordium  yielded  with  water 
fourdrams  and  a half  of  gummy  extradf,  and  afterwards  with  rectified  fpirit  fifteen 
grains  of  refin.  Another  ounce,  treated  firft  with  fpirit,  gave  three  drams  of  re- 
finous extradl,  and  afterwards  with  water  five  fcruples  and  a half  of  gum.  A 
tindhire,  made  in  highly  rectified  fpirit  of  wine,  contains  more  of  the  adtive 
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and  lefs  of  the  mucilaginous  parts  of  this  plant,  than  one  made  with  a weaker 
fpirit. 

SELENITE.  The  combination  of  vitriolic  acid  and  earth.  It  is  plentifully 
found  in  nature,  and  is  diftinguifhed  by  the  names  gypfum,  plafter-ftone,  alabafter, 
and  gypfeous  fpar,  according  to  its  intended  ufe  or  form.  It  may  be  produced 
by  adding  diluted  vitriolic  acid  to  lime,  or  to  a folution  of  the  nitrous  or  marine 
falts  with  that  bails.  This  earthy  fait  is  one  of  the  leaf!;  foluble  we  are  acquainted 
with  ; four  or  five  hundred  times  its  weight  of  water  are  required  to  fufpend  it. 
It  is  the  caufe  of  the  property  called  hardnefs,  in  many  fpring  waters,  by  which 
term  it  is  generally  underilood  that  the  water  does  not  lather  with  foap,  nor  miti- 
gate third:  as  well  as  that  which  is  purer.  By  a moderate  heat  it  lofes  its  water  of 
cryftallization,  and  becomes  plailer  of  Paris.  A ftrong  heat  is  required  to  fufe 
it  alone,  but  it  is  more  eafily  fufible  in  earthy  mixtures  than  pure  calcareous 
earth.  See  Earth  calcareous. 

SEMI-METAL.  See  Metals. 

SENA.  Cafli te  fennre  Lin.  This  is  a (hrubby  plant  cultivated  in  Perfia, 
Syria,  and  Arabia  ; from  whence  they  are  brought,  dried,  and  picked  from  the 
ftalks,  to  Alexandria  in  Egypt,  and  thence  imported  into  Europe.  They  are  of 
an  oblong  figure,  (harp-pointed  at  the  ends,  about  a quarter  of  an  inch  broad,  and 
not  a full  inch  in  length  ; of  a lively  yellowilh  green  colour,  a faint  not  very  dif- 
agreeable  fmell,  and  of  . a naufeous  tafte.  Some  inferior  forts  are  brought  from 
Tripoli  and  other  places;  thefe  may  eafily  be  diftinguilhed  by  their  being  either 
narrower,  longer, .and  (harper-pointed  ; or  larger,  broader,  and  round-pointed, 
with  fmall  prominent  veins  ; ar  large  and  obtufe,  of  a frefh  green  colour,  without 
any  yellow  caft. 

An  ounce  of  choice  fena,  treated  with  frefh  parcels  of  re&ifted  fpirit  of  wine>. 
afforded  Neumann  two  drams  twenty.-three  grains  of  refinous  extract ; and  after- 
wards with  water,  two  drams  two  fcruples  of  gummy  extract,  three  drams  and 
three'grains  remaining  undiffolved.  Another  ounce,  treated  firft  with  water,  gave 
four  drams  and  half  a fcruple  of  gumrpy,  and  afterwards  with  fpirit  only  twenty- 
eight  grains. of  a refinous  extract,  which  appeared  to  contain  fome  g'rofs  oily  matter, 
and  hence  was  with  difficulty  reduced  to  drynels ; the  refiduum  weighed  three 
drams  and  a fcruple. 

In  diftillation  rectified  fpirit  brings  over  nothing ; the  diftilled  water  is  impreg- 
nated with  the  fmell  of  the  fena,  but  difcovers  no  appearance  of  effential  oil. 
The  activity  of  the  fena  is  greatly  weakened  by  evaporation,  efpecially  if  the  pro- 
cefs  is  performed  by  a boiling  heat  in  an  open  veffei,  the  extraft  proving  far  lefs 
purgative  than  an  equivalent  quantity  of  the  infufion  which  it  was  made  from. 
The  refinous  extraft  is  more  ungrateful  in  tafte  than  the  watery,  and  contains  the 
green  colour  of  the  leaf. 

SENEGAL  or  SENECA  GUM.  Gum  Senegal,  brought  from  the  ifland  of 
that  name  on  the  coaft  of  Africa,  confifts  of  large  clear  pieces,  remarkably  tranf- 
parent  when  broken,  and  of  a contorted  appearance  on  the  furface.  It  is  faid  to  be 
ufed  as  food  by  the  Africans,  at  leaft  occasionally,  in  their  travels  through  the  de- 
ferts.  It  is  not  thought  to  differ  from  gum  Arabic,  of  which  it  is  faid  to  fupply 
the  place  in  the  (hops.  Gum  Senegal  is  confidered  as  one  of  the  ftrongeft  of 
gums,  and  forms  a confiderably  thicker  or  more  gelatinous"  mucilage  with  water 
than  the  reft.  The  principal  confumption  of  this  article  is  among  the  c-alico- 
* printers,  who  ufe  it  to  give  thicknefs  or  body  to  the  folutions  which  they  apply  to 
piece  goods  by  means  of  (lamps  or  blocks. 
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SERPENTINE.  Lapis  Nephriticus,  Gabro  of  the  Italians.  In  refpeft  to  co- 
lour as  well  as  compofition,  this  ftone  is  fufceptible  of  great  variety  ; for  it  is  found 
either  white,  green,  brown,  reddifh  brown,  yellow,  light  blue,  black,  fpotted,  or 
ftreaked  with  veins  of  different  colours.  Its  texture  is  either  indiftind,  obfcurely 
laminar,  or  fibrous.  . It  is  harder  than  foap-rock,  but  not  fo  hard  as  to  give  fire 
with  fteel ; and  lefs  fmooth  to  the  touch,  but  fufceptible  of  a good  polifh;  looks 
like  marble,  and  is  often  in  thin  pieces  femi-tranfparent. 

Its  fpecific  gravity  is  from  2.4  to  2.65. 

It  does  not  effervefce  with  acids,  but  is  flowly  and  partially  foluble  in  them. 

It  melts  per  fe  in  a ftrong  heat,  and  preys  on  the  crucibles.  Vogel,  103.  In  a 
lower  degree  of  heat  it  hardens. 

According  to  the  analyfis  of  Mr.  Bayen,  one  hundred  parts  of  it  contain  about 
forty-one  of  iilex  (which  he  takes  rather  to  be  mica),  thirty-three  of  magnefia,  ten 
of  argil,  twelve  of  water,  and  about  three  of  iron.  The  ferpentine  of  Corfica  con- 
tains a larger  proportion  of  argil  and  a fmaller  of  filex. 

The  greener  forts  of  this  ftone  have  been  called  nephritic.  Their  colour  arifes 
from  manganefe.  But  the  term  Lapis  Nephriticus  is  commonly  applied  to  Jade. 

SHOERL,  a compound  ftone  of  the  filiceous  order,  more  or  lels  perfeftly 
united  to  from  0.46  to  0.83  of  its  weight  of  argil,  from  one  fourteenth  to  one 
ninth  of  calcareous  earth,  and  to  one  fifth  or  one  fixth  ofTemiphlogifticatcd  calx 
of  iron,  and  from  one  forty-eighth  to  one  fifty-eighth  of  magnefia. 

Its  diftinguifhing  properties  are,  ift,  either  a fparry  or  femi-vitrified  appear- 
ance, like  an  enamel  or  a flag  ; 2d,  a filamentous  or  icaly  texture,  which  diftin- 
guifhes  it  from  garnets ; the  filaments  either  feparate  from  each  other,  or  con- 
joined and  plated  ; 3d,  fufibility  per  fe  in  a moderate  heat;  4th,  a fpecific  gra- 
vity from  3 to  3.6,  rarely  4.000,  and  only  when,  loaded  with  iron;  5th,  its  hard- 
nefs  nearly  equal  to  that  of  cryftal. 

According  to  Kirwan  it  has  two  varieties : 

I.  Tranfparenr.  This  is  always  cryftallized  in  fome  polygonal  form  : its  tex- 
' ture  is  obfcurely  fparry  ; its.colour, brown,  reddifti  brown,  greenifii  or  yellowilh 

brown,  or  violet : its  fpecific  gravity  from  3 to  3.6. 

A reddifti  brown  prifmatic  fhoerl  of  this  fort,  from  Vefuvius,  contained  ac- 
cording to  Bergman  forty-eight  per  cent,  of  filiceous  earth,  forty  of  argil,  five  of 
calcareous,  one  of  magnefia,  and  five  of  iron.  The  ufual  fluxes  affedt  this  fpecies. 

The  filamentous  fort  refembles  afbeftos,  and  differs  externally  only  in  tranfpa- 
rency,  and  breaking  with  an  even  furface. 

II.  Opake.  Thefe  are  of  all  colours ; white,  black,  red,  brown,  greenifii,  and 
violet : the  filaments  are  conjoined  and  parallel,  or  diverge,  as  from  a common 
center.  Thofe  of  a fcaly  or  fparry  appearance  are  generally  greenifh  or  black, 
and  are  called  hornblende.  They  are  frequently  cryftallized  in  regular  forms,  and 
often  fo  foft  as  to  be  fcraped  with  a knife. 

An  hundred  grains  of  the  black  cryftallized  fort  from  Albano  afforded  Bergman 
fifty-eight  of  filex,  twenty-feven  of  argil,  five  of  calcareous  earth,  one  of  magnefia, 
and  5 of  iron.  3 Berg.  207.  Other  forts  have  afforded  fifty  percent  of  filiceous 
earth,  thirty  of  argil,  one  or  two  of  magnefia,  and  eighteen  or  twenty  of  iron. 

' The  white  fort  probably  contains  lefs  iron. 

All  thefe  forts  become  reddifh  by  calcination. 

Bar  fhoerl,  Stangen  fchoerl  of  the  Germans,  according  to  Kirwan  was  lately 
found  in  the  Carpathian  mountains  by  Mr.  Fitchtel,  embodied  in  limeftonc,  and 
cryftallized  in  prifins ; it  flightly  effervefccs  with  acids. 
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According  to  Mr.  Bindheim,  one  hundred  parts  of  it  contain  61.6  of  filiceous 
earth,  21.6  of  calcareous  earth,  6.6  of  argil,  5 of  magnefia,  1.6  of  iron,  and 
3 of  water.  3 Schrift.  Naturforfch.  Freunde,  p.  452. 

SIDERITE,  a combination  of  phofphorus  and  iron,  which  is  the  caufe  of  the 
cokl-fhort  quality  of  iron,  into  which  it  enters  as  a component  part.  It  was  firft 
mentioned  as  a peculiar  metal  by  Monnetin  his  Mineralogy;  but  it  was  afterwards 
more  particularly  examined  by  Meyer  of  Stetin  and  Bergman,  who  arrived  at 
nearly  the  fame  conclulions  unknown  to  each  other,  but  the  latter  has  fince  proved 
that  it  is  not  a peculiar  metal,  as  was  fuppofed. 

Soft  iron  does  not  afford  it.  All  the  irons  of  Champagne  afford  about  a dram, 
or  gros,  in  the  pound  of  iron. 

In  order  to  obtain  fiderite,  it  is  neceffary  that  the  folution  fhould  be  faturated  by 
a gentle  heat  on  the  fand  bath.  If  the  folution  be  made  too  quickly,  the  fiderite 
is  then  mixed  with  ochre,  which  alters  its  purity  and  whitenefs. 

A precipitate  is  formed,  which  takes  place  fo  much  the  more  fpeedily,  as  the 
folution  is  more  diluted  with  water  each  time  after  filtration.  The  precipitate  is 
formed  in  the  firft  three  or  four  days ; a fecond  is  obtained  towards  the  fixth  day,, 
and  that  which  afterwards  falls  down  is  mixed  with  ochre. 

Siderite  may  likewife  be  obtained  by  diffolving  iron  in  the  nitrous  acid,  and  eva- 
poration to  drynefs.  The  iron  is  calcined  by  this  firft  operation.  More  nitrous, 
acid  being  poured  on  this  refidue,  diffolves  only  the  fiderite,  without  touching, 
the  calx  of  iron,  A fecond  evaporation  muft  then  be  made  ; and  the  refidue  muft 
be  diluted  with  water,  to  evaporate  the  laft  portions  of  nitrous  acid  ; and  that 
which  remains  is  fiderite.  It  is  foluble  in  the  vitriolic,  nitrous,  and  muriatic 
acids,  from  which  it  may  be  precipitated  by  pouring  into  the  folution  as  much 
alkali  as  is  neceffary  to  faturate  the  acid  folvent.  If  the  alkali  be  added  in  excefs, 
ochre  is  then  precipitated  ; and  the  refult  is  a phofphoric  fall,  and  a fait  arifing, 
from  the  union  of  the  acid  made  ufe  of,  and  the  alkali  which  has  ferved  for  the 
precipitation. 

The  fixed  and  volatile  alkalis,  and  lime  water,  decompofe  fiderite.  It  is  like- 
wife decompofed  by  projecting  it  upon  fufed  nitre. 

When  it  has  been  precipitated  by  ammoniac,  cryfials  may  be  obtained  by  eva- 
poration,  which  when  treated  with  powder  of  charcoal  afford  phofphorus.  The. 
ochreous  precipitate  affords  iron  by  reduction ; it  is  therefore  a combination  of 
the  phofphoric  acid  and  iron.  Every  folution  of  iron  is  precipitated  in  the  form 
of  fiderite  by  the  phofphoric  acid. 

SILEX,  or  SILICEOUS  EARTH.  See  Earth  Siliceous,  alfo  Glass. 
Under  thislaft  article  1 avoided  entering  into  any  particular  account  of  the  art  of 
glafs  making,  on  account  of  the  difficulty  of  obtaining  practical  information. 
Since  that  time  a report  has  appeared  in  the  Annals  of  Chemiftry  on  a work  upon 
that  fubjeCt  by  Mr.  Loyfel,  drawn  up  by  thofe  excellent  chemifts  Darcet,  Fourcroy, 
and  Berthollet,  from  which,  as  well  for  its  intrinfic  value,  as  becaule  it  is  not  likely 
that  an  Englifh  tranftation  will  be  made,  I Ihall  give  an  extraCt  with  very  little 
abridgment. 

The  art  of  glafs- making,  as  thefe  chemifts  obferve,is  peculiarly  capable  of  being 
fubjeCted  to  philofophical  principles,  and  confequently  one  of  thofe  in  which  the 
greateft  precifion  might  be  expeCted  ; but  to  obtain  this  objeCt  it  is  neceflary  that 
the  obferver  fhould  be  no  lefs  intimately  acquainted  with  all  the  procelfes  than  with 
the  general  fads  of  fcience.  Mr.  Loyfel  pofl'effes  both  thefe  qualities.  His  fituation 
and  abilities  have  long  induced  him  to  labour  in  perfecting  this  art.  Whence  they 
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eonclude  that  an  ample  extradl  of  his  work  cannot  but  be  interefting  to  the  French 
Academy. 

Vitrification  fuch  as  takes  place  in  the  large  way  demands  two  principal  con- 
ditions : 1.  A furnace  conllrudled  of  fubftances  capable  of  refilling  the  adtion  of 
a violent  and  long- continued  fire,  and  veflels  capable  of  containing  the  vitrifiable 
matter  in  fufion  without  becoming  fufed  themfelves.  2.  Subftances  which  have 
the  property  of  forming  by  means  of  fire  a folid  glafs,  fuitable  to  the  objedt  of  the 
manufadtory. 

Of  the  Furnaces  and  Crucibles . 

The  matter  employed  for  the  conllrudtion  of  the  furnaces  and  crucibles  mull 
be  of  fuch  a nature  as  to  take  and  preferve  the  forms  required  for  the  operations  of 
the  glafs-houfe.  Clay  poflelTes  this  property  in  the  higheft  degree  ; for  which 
reafon,  though  grit-ftone  is  ufed  in  fome  glafs  houfes,  and  a mixture  of  quartz  and 
filex  with  clay,  for  the  conftruction  of  furnaces,  it  has  neverthelefs  been  almoft 
generally  adopted  for  the  conllrudtion  of  furnaces,  and  exclufively  for  that  of  the 
veffels. 

Pure  clay  cannot  be  fufed  by  any  degree  of  heat  yet  known  ; but  the  mixture  of 
other  earths,  and  particularly  calcareous  earth,  caufes  it  to  enter  into  fufion, 
though  itfelf  alone  be  infufible.  Mr.  Loyfel  reports  this  important  obfervation 
of  Mr.  Darcet,  which  led  him  to  think  that  the  vitrification  began  with  the  calca- 
reous earth,  adting  as  a flux  to  the  clay.  The  reporters  mention  another  expla- 
nation of  this  appearance,  by  the  eminent  philofopher  and  chemillMr,  Delaplace. 
According  to  this  author,  a fubtlance  is  infufible,  becaufe  its  particles  remain  ad- 
herent to  each  other,  and  are  kept  in  that  Hate  by  the  force  of  aggregation  which 
cannot  be  overcome  by  the  expanfive  force  of  heat ; fo  that  thefe  two  forces  may 
be  confidered  as  oppofed  to  each  other.  If  another  fubftance  adls  by  its  eledtric 
attradlion,  upon  the  particles  of  that  which  was  infufible,  it  then  concurs  with  the 
adlion  of  the  heat  to  effedl  a difunion  of  its  particles ; and  if  thefe  three  forces  be- 
reprefented  by  numbers,  it  will  be  required  to  oppofe  to  that  number  which  repre- 
fents  the  refiltanceof  aggregation,  another  number  confiding  of  the  fum  of  thofe 
which  reprefent  the  adlion  of  heat,  and  the  eledtric  attradlion  of  the  fecond  fub- 
ftance. The  academicians  think  it  the  more  neceflary  to  infill  on  this  explanation, 
becaufe  it  is  perfedtly  agreeable  to  the  laws  obferved  in  other  chemical  pheno- 
mena. The  ancient,  but  exceptionable  adage,  “Corpora  non  agunt  nifi  foluta,”  can- 
not be  oppofed  to  this  dodlrine,  the  truth  of  which  is  more  particularly  evinced  by 
the  properties  of  an  alloy,  pointed  out  by  Mr.  Darcet.  This  metallic  mixture 
enters  into  fufion  an  a degree  of  heat  far  below  that  which  is  neceflary  to  fufe  either 
of  its  component  parts  lingly.  In  this  cafe  then  it  cannot  be  that  the  fufion  of  one- 
of  the  metals  favours  that  of  the  two  others;  but  their  mutual  affinity  determines- 
the  feparation  of  their  particles. 

The  property  of  refilling  the  moll  extreme  heat,  is  more  orlefs  altered  in  clay, 
by  the  admixtures  it  may  contain.  Sand,  quartz,  and  mica  do  not  prevent  a clay 
from  being  proper  for  the  tile  of  the  glafs-houfe,  provided  they  do  not  too  greatly 
diminilh  its  dudlility  ; but  the  fame  obfervation  does  not  apply  to  bituminous 
matters,  calcareous  earth,  gypfum,  pyrites,  or  the  metallic  calces.  For  thefe  fub- 
ftances render  it  more  or  lefs  fufible. 

The  whitell  clay  is  generally  faid  to  be  the  mod  refradtory;  but  Mr.  Loyfel 
remarks  that  whitenefs  is  a very  equivocal  character,  becaufe  it  may  confill  with  a 
large  addition  of  calcareous  earth.  Now  this  earth  is  hurtful,  not  only  becaufe  it* 
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lenders  the  clay  fufible,  but  becaufe  it  forms  pores  in  the  crucibles  by  the  fwell- 
ing  it  occafions  when  its  fixed  air  is  difengaged  by  the  heat.  A twentieth  part 
of  calcareous  earth  fimply  renders  the  compound  lefs  denfe  than  clay  alone, 
when  «xpofed  to  the  fire  of  the  glafs-houfe ; but  a tenth  part  renders  it  fenfibly 
porous. 

The  choice  of  a clay  in  a glafs  manufadtory  is  of  fo  much  the  greater  confe- 
quence,  as  a failure  in  this  article  is  attended  with  a lofs  of  all  the  expences  in 
fabrication. 

The  clay  to  be  preferred  for  this  ufe  ought  to  poflefs  the  following  qualities  : 
1.  It  muff  be  fo  refraClory,  as  not  to  vitrify,  or  even  perceptibly  change  its  figure, 
by  the  heat  of  the  furnace.  2,  It  mud  be  duCtile  enough  to  receive  and  retain 
the  requifite  forms.  The  author  deferibes  fuch  trials  as  are  necefl'ary  to  afeertain 
thefe'  two  properties. 

With  regard  to  the  refractory  quality  Mr.  Loyfel  propofes  three  proofs.  In 
the  firft,  after  having  reduced  the  clay  into  fmall  particles,  and  feparated  fuch 
foreign  matters  as  can  be  diftinguifhed,  the  application  of  a mineral  acid  will 
Ihew  whether  it  effervefees.  If  it  do,  there  is  reafon  to  rejedt  it ; but  it  may  be 
eafily  feen  that  this  proof  is  uncertain. 

The  fecond  proof  confifts  in  working  the  clay  into  a pafte  with  water.  Gf 
this  pafte,  feveral  prifmatic  rods  and  Tome  very  thin  crucibles  of  five  or  fix 
inches  in  diameter,  and  the  fame  height,  are  to  be  made.  Thefe,  after  being 
gently  dried, . are  to  be  expofed  five  or  fix  days  in  the  furnace  of  the  glafs-houfe. 
The  rods  muft  be  fufpended  by  their  extremities  on  two  fupports.  When  thefe 
are  taken  out,  they  muft  be  put  into  the  annealing  furnace,  and  cooled  by  in- 
fenfible  degrees.  If  the  rods  have  not  bended  ■,  if  the  crucibles  have  preferved 
their  figure,  and  if  no  cavities  be  perceived  upon  breaking  them,  the  clay  may 
be  judged  to  be  good. 

The  third  proof  which  the  author  prefers  to  the  others,  confifts  in  judging 
the  refractory  quality  of  the  clay  by  the  aCtion  of  an  alkali  upon  it.  For  this 
purpofe,  it  is  mixed  with  different  dofes  of  fixed  alkali,  in  crucibles  of  the  fame 
earth,  or  any  other  of  known  good'nefs,  and  a comparifon  is  made  of  the  pro- 
portion necefl'ary  to  effeCt  a complete  vitrification  with  that  which  produces  the 
fame  effeCt  in  a refraCtory  fand  expofed  to  the  fame  degree  of  fire.  The  author 
has  found,  that  if  eight  ounces  of  alkali  be  required  to  vitrify  one  pound  of  the 
fand  of  Aumont  near  Senlies,  and  ten  ounces  of  the  fame  alkali  to  produce  the 
fame  effeCt  in  a like  degree  of  fire,  upon  a pound  of  baked  clay,  this  clay  may  be 
employed  in  the  conftruCtion  of  furnaces,  and  crucibles  not  intended  to  undergo 
a more  violent  heat  than  that  of  the  proof,  provided  its  firmnefs  and  tenacity  be 
like  wife  fufficient. 

The  eflay  of  clays  with  regard  to  their  tenacity  forms  the  other  object  of. 
Mr.  Loyfel.  The  folidity  of  works  conftrudled  with  clay  depends  on  the  force 
of  the  cohefion  of  its  parts.  This  force,  when  the  work  has  been  dried  by  degrees 
to  a temperature  of  25  or  30  degrees  of  Reaumur,  which  correfpond  w'ith  the 
88th  and  107th  degrees  of  Fahrenheit,  is  fo  much  the  greater  in  proportion  to  the 
duCtility  of  clay  when  in  the  ftate  of  pafte ; fo  that  both  thefe  qualities  may  be 
confounded  with  the  tenacity  of  the  clay.  But  this  tenacity  is  extremely  variable. 
Sand  diminifhes  it  more  than  any  other  foreign  admixture. 

All  the  parts  of  the  furnace  of  fufion  do  not  require  the  fame  tenacity.  The 
thicker  parts  require  many  cavities  for  the  diffipation  of  the  moifture;  but  the 
crucibles  demand  a compadl  and  tenacious  clay  to  refill  the  fluxes,  and  oppofe 
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the  preflure  of  the  glafs  they  are  to  contain.  It  is  of  importance  therefore  to 
determine  the  degree  of  tenacity  fuitable  to  each  objed.  Of  the  different  me- 
thods tried  by  Mr.  L-oyfel,  the  following  fucceeded  the  bell: 

He  forms  with  the  clay  intended  to  be  tried,  fmall  four-fided  rods,  which  he 
leaves  to  dry  at  the  temperature  of  25  degrees  of  Reaumur.  He  then  falhions 
them,  and  reduces  one  of  their  extremities  to  a dimenfion  of  fix  lines  in  each  of 
its  four  fides.  He  inferts  this  extremity  into  a cubical  cavity,  and  at  the  diftance 
of  eighteen  lines  he  places  the  knife  edge  of  a balance,  into  the  bafon  of  which 
he  pours  fand,  until  a fradure  takes  place  in  that  part  which  is  only  fix  lines 
thick ; and  from  the  weight  of  the  balance,  the  fand,  and  the  broken  pieces,  lie 
eftimates  the  tenacity  of  the  clay.  To  avoid  accidental  irregularities,  he  repeats 
the  experiment  with  feveral  of  thefe  rods.  Hence,  he  finds  that  his  conftrudions 
are  folid  when  the  tenacity  of  the  clay  prepared  for  the  walls  and  the  arched 
roof  of  the  furnace  of  fufion  of  eight  feet  diameter,  is  fuch,  as  to  refill  about 
twenty  four  ounces  applied  as  here  defcribed  ; and  for  crucibles  of  three  feet  iti 
diameter,  and  three  inches  and  a half  thick  in  the  lower  part,  when  it  refills 
fifty-fix  ounces.  But  the  degrees  of  tenacity  which  may  be  ufefully  applied, 
have  limits  of  confiderable  extent,  and  may  likewife  be  changed  according  to  the 
dimenfions  of  the  articles.  Thus  the  refillance  of  a crucible  may  be  increafed 
hy  adding  to  its  thicknefs. 

When  it  is  known  by  experience  what  are  the  thicknefs  and  tenacity  of  clay, 
fuitable  for  velfels  of  a certain  dimenfion,  it  is  eafy  to  determine  by  computation 
for  other  dimenfions.  The  author  has  given  a table  for  this,  viz.  the  thicknefs 
of  the  lower  part  of  the  pots,  where  the  preflure  is  greatell,  whence  the  thicknefs 
diminilhes  to  the  rim.  At  this  part,  though  the  preflure  vanifhes,  it  is  never- 
thelefs  neceflary,  that  a certain  thicknefs  fhould  be  given,  that  it  may  dry  with 
regularity,  and  refill  fiich  occafional  flight  blows  as  the  veflfel  is  likely  to  receive. 

For  the  moll  part  it  is  not  ufual  to  employ  native  clay,  becaufe  it  retains 
moifture  very  obftinately,  is  apt  to  crack,  and  adheres  ftrongly  to  the  moulds. 
To  remedy  this  inconvenience,  its  tenacity  is  dimiriifhed,  and  its  porofity  in- 
creafed, by  a mixture  either  of  fand  or  of  baked  clay,  which  is  reduced  into 
powder,  and  improperly  called  cement.  The  old  crucibles,  after  a careful  repa- 
ration of  fuch  glafly  matter  as  may  adhere  to  them,  are  ufed  for  this  purpofe; 
but  as  thefe  do  not  furnilli  a fufficient  quantity,  other  parcels  of  clay  are  baked 
expreflly  for  this  ufe. 

Sand  greatly  diminilhes  the  tenacity,  and  is  moll  ftrongly  attacked  by  alkalis. 
For  this  reafon  it  is  ufed  only  in  conftrudions  of  moderate  thicknefs,  the  re- 
fpedive  parts  of  which  require  only  a moderate  degree  of  tenacity  to  fupport 
themfelves.  Such  are  the  walls  of  the  furnace  of  fufion  ; but  cement  is  ufed  for 
feveral  other  parts  of  the  furnace,  and  more  efpecially  for  the  pots. 

Glafs  manufacturers  differ  in  their  opinions  as  to  the  degree  of  finenefs  proper 
to  be  given  to  the  cement;  but  it  is  eafily  feen  that  if  the  cement  be  more  grofsly 
powdered,  the  pafte  will  be  lefs  homogeneous,  more  difpofed  to  contrail  irre- 
gularly, and  to  acquire  vacuities  into  which  the  fluxes  wjll  infinuate  themfelvCs. 
Jt  is  requifite  therefore,  that  the  cement  be  reduced  to  a fine  powder,  for  which 
purpofe  it  mull  be  palled  through  very  clofe  fieves  of  filk. 

If  the  tenacity  of  a mixture  of  clay  and  a given  quantity  of  cement  be-  deter- 
mined, it  will  be  eafy  to  afcertain  that  of  another  mixture;  for  the  tenacity  of 
the  firft  mixture  will  be  to  that  of  the  fecond,  in  the  fame  proportion  as  the  two 
quantities  of  clay  with  that  of  the  cement,  • . 
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From  fome  inaccuracy  in  the  foregoing  paragraph,  I confefs  I do  not  under- 
ftand  it.  I fuppofe  the  ratio  meant  to  be  expreffed  is,  that  if  equal  quantities  of 
cement  be  mixed  with  unequal  quantities  of  clay,  the  tenacities  will  be  in  pro- 
portion to  thefe  laft  quantities;  and  again,  as  no  mention  is  made  of  any  expe- 
riments on  which  this  ratio  is  eftabl  idled,  and  as  the  reafoning,  if  any,  by  which 
it  is  deduced  does  not  appear,  it  feems  fafer  at  all  events  for  the  operator  to  de- 
termine his  tenacities  by  experiment  with  the  particular  clay  he  makes  ufe  of, 
and  tabulate  them  for  future  reference. 

The  author  has  obferved,  that  the  proportional  tenacities  of  mixtures  deter- 
mined at  a certain  degree  of  heat,  continue  to  be  preferved  very  nearly  at  every 
other  degree  of  heat,  provided  the  tenacity  of  the  clay  made  ufe  of  in  both 
mixtures  were  originally  equal. 

The  contraction  which  clay  undergoes  in  the  fire  is  fubjefl  to  great  variation 
in  different  kinds,  and  deferves  particular  attention.  Such  clays  as  contract  very 
much,  retain  water  with  more  force,  and  are  lefs  eafily  dried;  they  fupport  the 
alternations  of  heat  and  cold  more  difficultly;  become  filled  with  cracks  and  clefts, 
through  which  the  fufible  matters  penetrate,  and  appear  on  the  outfide  in  vitrified 
exfudations.  This  laft  inconvenience  is  more  particularly  to  be  feared  in  fuch 
glafs  works  where  the  pots  remain  uncovered,  as  is  the  cafe  where  wood,  and 
not  pit-coal,  is  the  fuel.  For  then  the  glafs  which  drops  from  the  roof,  mixes 
with  the  vitrified  matter,  and  produces  fpots  (larmes)  and  veins. 

Cement  and  fand  diminifh  the  contraction  of  clay  in  proportion  to  their  quan- 
tity; but  at  the  fame  time  they  diminifh  its  tenacity,  and  by  tendering  it  more 
porous  caufe  it  to  be  more  eafily  vitrified  by  the  fluxes.  The  mafter  of  the  glafs 
work  muft  determine  what  mixture  is  moft  fuitable  to  his  undertaking,  by  com- 
bining thefe  different  properties.  If  he  ufes  covered  veffels,  he  may  employ  a 
much  greater  proportion  of  fand  or  cement  in  the  roof  of  his  furnace.  There 
are  fome  who  prefer  fand  to  cement  ; but  a diftinction  muft  be  made  as  to  the 
degree  of  fufibility  in  the  clay  made  ufe  of;  for  if  the  cement  have  more  fufibi- 
liiy  than  the  fand,  as  will  happen  with  clays  of  middling  quality,  the  fand  fhould 
then  undoubtedly  be  preferred ; but  with  a good  clay,  the  cement  is  certainly 
heft- 

Concerning  the  Conjiruflion  of  the  Furnaces  for  Fufion. 

There  are  three  methods  of  conftructing  the  furnace  of  fufion  in  a glafs-houfetN 
i.  By  ufing  foft  bricks.  2.  By  ufing  bricks  dried  at  the  ordinary  temperature  of 
the  atmofphere.  And  3.  By  ufing  bricks  baked  in  the  ufual  heat  of  a brick-kiln. 

The  foft  bricks  are  made  as  follows  : The  clay  is  firft  dried,  and  the  foreign 
matters  which  can  be  difeerned  are  taken  our,  for  which  purpofe  the  pieces  muft 
be  broken,  and  examined  within.  This  operation  is  called  in  French  l’epluchage 
de  la  terre.  If  the  clay  contains  much  pyrites,  the  earth  is  mixed  with  water, 
in  fuch  a quantity  that  the  mafs  may  be  palled  through  the  common  fieve  of  the 
mealman.  The  larger  pyrites  remain  behind,  and  thofe  which  come  through 
fubfide  to  the  bottom  with  the  coarfer  fand.  The  mixture  is  then  left  to  reft, 
the  earth  gradually  fubfides,  and  the  water  is  from  time  to  time  drawn  off,  by 
cocks  at  different  heights  in  the  fide  of  the  velfel,  until  the  mixture  is  fufficiently 
thick  to  be  worked  up  with  the,  fand  or  cement.  This  operation  lafts  between 
two  and  three  months;  at  the  end  of  which  time,  the  matter,  rejecting  the  inferior 
or  lower  part,  is  mixed  with  the  fand  or  cement  into  a proper  pafte.  If  the 
.clay  do  not  contain  pyrites,  it  is  ground  without  water  in  a mill  under  a millftone 


S I L 


( 809  ) 


S I L 


of  grit,  then  fifted  and  mixed  with  the  fand  or  cement.  Water  is  then  added 
to  convert  the  whole  into  a pade;  or  otherwife  the  clay  purified  by  the  fird  pro- 
cefs  of  examination  is  foaked  with  water  for  four-and-twenty  hours,  and  mixed 
with  fand  or  cement. 

In  whatever  manner  the  pafle  may  have  been  prepared,  it  muft  be  of  fuch  a 
confidence,  that  a ball  of  lead  weighing  four  ounces  may  bury  itfelf  the  depth 
of  its  diameter,  when  let  fall  out  of  the  hand  from  an  height  not  lefs  than  twenty- 
four  inches,  nor  more  than  forty-five. 

In  this  date  the  bricks  would  be  too  foft  for  the  condru&ion  of  a furnace,  and 
would  contract  too  much  in  drying.  It  is  neceffary  therefore,  that  they  be  left 
to  dry  upon  planks  of  wood.  The  firmer  they  are,  the  better  for  ufe,  provided 
they  do  not  break  under  the  mallet  of  the  workman,  who  drikes  them  with  all  his 
force  to  unite  the  different  courfes  together,  and  to  give  them  the  figure  required 
in  the  different  parts  of  the  arch-work.  In  this  date  a ball  of  lead  of  four  ounces 
will  require  not  lefs  than  a height  of  twenty- five  feet,  nor  more  than  thirty-five, 
to  bury  itfelf  half  its  diameter  in  the  clay  ; but  a confideration  of  importance  is, 
that  all  the  bricks  ought  to  be  fenfibly  of  the  fame  confidence,  in  order  that  the 
contraction  of  the  different  parts  of  the  furnace  may  be  as  equal  as  poffible. 

The  academicians  pafs  over  for  the  fake  of  brevity  the  detail  into  which  the 
author  enters,  of  the  method  of  condruCting  furnaces  with  thefe  bricks,  and  the 
lingular  precautions  required  in  their  drying. 

This  method  of  condruCtion  is  the  bed  which  is  known  in  the  glafs  works. 
It  is  attended  with  the  fewed  cracks,  and  endures  the  longed.  It  is  particularly 
advantageous  in  the  manufactories  of  fine  glafs,  and  thofe  wherein  the  veffels  are 
uncovered.  Neverthelefs  it  is  ufed  only  in  great  edabli fitments.  The  reafon  is, 
that  this  condruCtion  requires  more  care,  time,  and  expence  than  any  other.  It 
requires  likewife  a building,  in  which  there  are  no  other  furnaces  at  work,  in 
order  that  the  drying  may  not  be  too  hady. 

The  condruCtion  with  bricks  dried  in  the  air,  or  baked  in  the  ordinary  method, 
has  nothing  peculiar  in  it.  This  method  of  building  ought  to  be  referved  for 
glafs  works  where  the  pots  are  covered,  or  for  common  glafs.  And  even  in 
thefe,  the  fiid  method  would  be  found  the  mod  advantageous,  if  the  neceffary 
capital  be  not  wanted. 

Concerning  the  Fabrication  of  the  Veffels  or  Crucibles. 

The  pade  or  mixture  of  clay  and  cement  is  prepared  in  the  fame  manner  as 
for  the  bricks  already  defcribed,  with  this  difference  only,  that  it  mud  be  more 
confident.  A ball  of  lead  of  four  ounces  weight  ought  not  to  fall  from  a lefs 
height  than  fixty-five  inches,  nor  a greater  than  eighty-three,  to  bury  itfelf  be- 
neath the  furface. 

There  are  two  methods  of  making  pots  for  the  glafs-houfe.  In  the  fird,  a 
mould  of  vvood  is  made  ufe  of,  lined  within  with  a drong  and  well  dretched 
cloth,  and  rolls  of  the  pade  are  applied  fucceffively  one  above  the  other.  In  the 
fecond  method  a potter  conduCts  his  work  without  a mould,  and  joins  the  roils 
of  clay  together  by  preffing  them  drongly  between  his  hands.  This  fecond  me- 
thod is  conlidered  as  better  and  more  exaCt  than  the  fird. 

The  drying  of  the  pots  mud  be  effected  in  the  {hade,  in  a place  defended 
from  currents  of  air,  in  a temperature  of  between  10  and  15  degrees  of  Reaumur, 
which  correfpond  to  the  55th  and  65th  degrees  of  Fahrenheit  nearly.  The  drying 
mud  be  flow,  in  order  that  the  contraction  may  be  regularly  made.  It  is  likewife 
requifite  to  defend  them  from  frod  and  dampnefs.  For  this  purpofe,  when  the 
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pets  begin  to  dry,  they  are  put  into  a clofe  place,  where  the  heat  is  gradually 
raifed  to  25  or  30  degrees.  They  are  then  conveyed  into  the  oven  called  arche , 
which  I take  to  be  the  annealing  furnace  above  the  roof  of  the  furnace  of  fufion. 
There  they  are  gradually  heated  to  ignition;  after  which  they  are  put  into  the 
melting  furnace,  heated  lefs  than  its  ufual  rate.  The  fire  is  fucceflively  raifed 
to  its  greateft  degree  of  heat.  In  large  works,  this  diminution  of  the  heat  lath 
three  or  four  hours;  but  this  time  is  not  fufficient  to  eftedt  a complete  drying,  for 
pots  of  large  dimenfions.  Thefe  are -ufually  left  empty  during  the  firft  working 
of  the  other  pots. 

Concerning  the  Heat  of  the  Furnaces  of  a Glafs-houfe. 

Mr.  Loyfel  eftablifhes  with  much  care  the  principles,. for  which  we  are  indebted 
to  modern  chemiftry,  of  combuftion  and  the  communication  of  heat,  to  infer 
fuch  difpofitions  as  may  be  moll  advantageous  for  the  conftrudtion  of  furnaces 
and  management  of  the  fire. 

The  heat  is  greater  the  larger  the  quantity  of  air  confumed.  The  entrance 
of  the  furnace  ought  to  be  therefore  entirely  free  for  the  accefs  of  air;  and  the 
vapours  of  the  furnace,  which  confift  in  a great  meafure  of  air  unfit  to  maintain 
combuftion,  ought  to  be  carried  off  as  much  as  poflible.  Hence  it  follows,  that 
the  method  employed  in  glafs  works  where  pit-coal  is  the  fuel,  and  in  a few  others 
where  wood  is  ufed,  deferves  approbation.  Icconfifts  in  eftablilhing  a current  of 
air  through  one  or  more  arched  paffages,  commonly  under  ground,  one  of  the 
extremities  abutting  at  -the  furnace,  and  the  other  being  placed  without  the 
building  which  contains  the  furnace,  and  is  commonly  called  the  hall.  By  this 
means,  feveral  furnaces  of  fufion  may  be  placed  in  fucceflion  in  the  fame  hall, 
without  the  combuftion  of  the  one  being  injurious  to  that  of  the  other,  as  ufually 
happens  in  lefs  judicious  arrangements.  That  difpofition  which  approaches 
neareft  to  this,  is  when  the  doors  of  the  hall  are  oppofite  the  furnaces;  but  the 
meft  injudicious  is  that  which  is  commonly  employed  in  glafs  works  where  wood 
is  burned.  In  this,  the  doors  of  the  hall  are  on  one  fide.  The  time  required 
for  the  fufion  and  depuration  may  vary  by  the  difference  between  the  firft  and  the 
laft  difpofition  from  18  to  34  hours. 

The  air  ought  to  be  heated  before  it  arrives  at  the  fire,  that  its  temperature 
may  be  lefs  remote  from  that  wherein  the  combuftion  is  effected.  It  ought  there- 
fore to  pafs  through  the  afh-hole.  Ordinarily  in  furnaces  wherein  wood  is 
burned,  the  current  is  diredled  againft  a fm'all  dome  above  the  alh-hole.  It 
ought  to  be  diredted  immediately  into  the  furnace. 

The  interior  part  of  the  furnace  cannot  acquire  its  greateft  degree  of  heat,  but 
in  proportion  as  that  which  is  produced  in  the  fire  is  deprived  of  the  liberty  of 
efcaping  during  its  difengagement.  It  is  even  neceflary  that  it  fhould  be 
liiftribured  as  equally  as  poflible  through  the  whole  interior  capacity  of  the  fur- 
nace. Now  this  effedt  depends  on  the  magnitude  and  pofition  of  the  iffues  of 
the  flame,  and  the  interior  figure  of  the  furnace. 

It  is  eafy  to  afeertain  by  experience  in  each  particular  cafe  the  proportion 
which  ougl^t  to  exift  between  the  entrance  of  the  air,  and  the  efcape  of  the 
flame,  by  rhaking  the  apertures  of  that  efcape  at  firft  larger  than  neceflary, 
and  then  diminilhing  them  with  moveable  bricks  difpofed  for  this  purpofe,  until 
the  furnace  appears  to  be  in  the  greateft  ftate  of  ignition. 

The  heat  is  greateft  in  thofe  parts  w'here  the  motion  of  the  flame  is  the 
moft  rapid,  and  this  is  ufually  in  the  vicinity  of  thofe  apertures  to  which  it  is 
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‘naturally  directed.  The  equality  of  the  heat  of  the  pots  placed  round  the  furnace 
depends  therefore  on  an  equal  distribution  of  the  apertures  round  the  fame  circum- 
ference. 

The  internal  figure  of  the  furnace  likewife  fenfibly  influences  the  motion  of  the 
flame,  and  confequently  the  degree  of  heat  thence  arifing,  as  well  as  the  equality 
of  its  distribution  in  the  different  parts  of  its  capacity.  The  horizontal  feftion  of 
moft  of  the  glafs-houfe  furnaces,  in  France,  is  a Square  or  reftangular  paralle- 
logram. in  the  whole  of  the  part  occupied  by  the  pots.  Hence  it  arifes  that  the 
motion  of  the  flame  is  checked  in  the  vicinity  of  the  pots  placed  in  the  angles ; 
that  the  heat  is  lefs  in  thofe  than  in  the  other  pots,  and  confequently  that  with 
equal  mixtures  of  vitrifiable  matter, "the  glafs  is  not  fo  well  refined  in  the  fame  time 
as  in  the  other  pots,  and  a greater  degree  of  heat  mufl  be  ufed  to  accomplish  this 
purpofe.  This  produces,  i.  a greater  expence  of  fuel;  2.  the  vitrification  and 
deftrueftion  of  the  dome  by  excefs  of  heat ; and  3.  the  dome  being  very  much 
heated,  it  is  neceffary  that  the  firefhould  be  flackened  in  order  that  the  glafs  may 
clear  itfelf  before  the  work  commences.  Mr.  Loyfel  therefore  propofes  that  the 
figure  of  the  furnace  Should  be  changed,  and  that  it  fliould  be  formed  of  a continued 
curve  line  like  the  dome. 

The  vault  or  dome  of  the  furnace  is  the  part  to  which  artifls  pay  the  greateft 
attention.  Its  figure  is  not  the  fame  in  all  glafs-houfes ; but  in  a confiderable 
number  its  generating  curve  more  or  lefs  approaches  the  common  parabola.  Mr. 
Loyfel  proves  from  various  confiderations,  that  the  fpherical  figure  is  more  ad- 
vantageous. 

Pit  coal  and  wood  are  equally  capable  of  affording  heat  not  only  Sufficient  for 
vitrification,  but  even  to  alter  the  figure  of  the  pots.  The  flame  may  be  more  or 
lefs  charged  with  footy  matter,  which  is  hurtful  in  all  cafes  wherein  the  flame 
comes  in  contadt  with  the  glafs.  It  colours  the  vitrifiable  matter,  and  reduces 
the  metallic  calces,  if  fuch  enter  into  the  compofition.  There  are  cafes  wherein 
the  intensity  of  the  heat  and  the  purity  of  the  flame  are  equally  eflential,  as  in  the 
fabrication  of  glafs,  where  the  manipulations  require  the  pots  to  be  uncovered.  In 
other  cafes  the  ifltenfity  of  the  heat  is  the  principal  condition,  as  in  the  glafs-works 
where  the  pots  are  covered.  In  other  circumftances  again,  the  purity  of  the 
flame  requires  the  utmoft  consideration,  as  in  the  calcination  of  the  frit. 

If  the  colour  of  the  glafs  be  a matter  of  no  confequence,  pit  coal  may  be  ufed 
for  all  the  operations,  provided  that  the  metallic  calces  do  not  enter  into  the  com- 
polition  ; but  if  an  equally  quick  fufion  be  required,  with  Similar  dofes  of  fluxing- 
matter  in  covered  as  in  uncovered  pots,  a greater  heat  mufl  be  applied,  on  ac- 
count of  the  refiftance  oppofed  to  the  tranfmiffion  of  the  heat  by  the  cover. 

Refinous  woods  afford  more  fmoke  than  poplars,  afh,  See.  and  thefe  more  than 
birch,  oak,  Sycamore,  and  beech.  The  three  laft  are  the  beft  for  heating  the 
melting  furnaces ; as  well  for  the  purity  of  the  flame,  as  the  intenflty  of  the  heat. 

In  order  to  obtain  the  greateft  quantity  of  flame,  and  the  leaft  of  fmoke,  the 
fame  quantity  of  fuel  muft  be  conftantly  kept  on  the  fire.  It  muft  therefore  be 
added  in  Small  quantities,  and  at  frequent  intervals. 

It  has  already  been  mentioned  that  Mr.  Loyfel,  in  order  to  determine  the 
tenacity  of  different  mixtures  of  clay  and  cement,  and  of  clay  and  Sand,  made  ufe 
of  rods  of  clay,  each  face  of  which  was  fix  lines  broad  ; that  thefe  rods  were  dried 
in  the  fame  degree  of  heat,  and  afterwards  broken  by  weights  fufpended  at  the 
diftance  of  eighteen  lines  from  the  plane  of  frafture.  The  author  has  made  ex- 
periments to  afeertain  the  proportions  of  tenacity  acquired  with  the  different  de- 
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greesof  heat  to  which  the  clay  was  expofed.  With  this  view  he  prepared  a great 
number  of  rods  with  the  fame  clay,  and  in  each  experiment  h#  Faked  at  leaft  four 
or  five  in  the  fame  degree  of  heat,  to  exclude  thole  of  jjtbich  the  refults  might  be 
too  difcordant,  on  account  of  inequality  or  the  variable  porofity  of  the  materials. 

In  this  manner  Mr.  Loyfel  made  fix  experiments  from  17  degrees  of  the 
thermometer  of  Reaumur,  as  far  as  234;  after  which  having  conftru&ed  a curve 
whofe  ordinates  reprefent  the  degrees  of  temperature,  and  the  abfciffae  the  weights 
neceflary  to  break  the  rods,  he  found  that  this  curve  did  not  fenfibly  differ  from 
the  parabola ; and  from  the  equation  of  this  curve,  he  determines  a law  between 
the  degrees  of  temperature  and  the  weights  neceffary  for  the  fracture. 

The  degrees  of  heat  which  he  found  immediately  by  the  thermometer,  or  by 
the  preceding  rule,  are  as  follows  : 

The  heat  of  the  apartments  in  which  the  unbaked  pots  are’ kept  ought  not  to  be 
lefs  than  25  degrees,  and  fometimes  rifes  as  high  as  40  ; that  of  the  arcke  oughj: 
not  to  be  higher  than  this,  when  the  unbaked  pots  are  introduced  : it  is  gradually 
increafed  during  eight  days.  At  this  period  the  proof  of  the  rods  indicated  be- 
tween 900  and  1000  degrees.  The  lowed  heat  of  a great  melting  furnace  proved 
to  be  about  8000  degrees.  The  mod  ufual  heat  is  about  ten  or  eleven  thoufand 
degrees,  and  ought  not  to  exceed  fourteen  or  fifteen  thoufand  degrees,  becaufe 
at  this  lad  temperature,  pots  of  two  feet  diameter  within,  and  three  inches  and  a 
half  thick,  made  of  good  clay,  are  broken  by  the  preffure  of  twenty-five  inches 
in  depth  of  glafs. 

It  may  be  obferved  that  Mr.  Loyfel  has  availed  himfelf  of  a different  property 
from  thatufed  by  Wedgwood.  See  Pyrometer.  The  fir  ft  has  chofen  the  te- 
nacity, and  the  fecond  the  contra&ion  of  clay,  to  determine  the  degree  of  heat. 
The  fecond  method,  as  the  academicians  obferve,  requires  lefs  apparatus;  to  which 
we  may  add,  that  it  appears  to  depend  lefs  on  arbitrary  dimenfions,  and  indicates 
minuter  differences  in  lefs  time.  But  thefe  reporters  juftly  queftion  whether  the 
one  or  the  other  method  be  adequate  to  prolong  the  graduation  of  our  thermo- 
meters. The  heat  at  which  it  was  poffible  for  Mr.  Loyfel  to  make  his  compa- 
rative experiments,  extended  no  further  than  from  17  degrees  to  234  of  Reaumur; 
a fpace  much  too  contracted  to  eftablifh  a progreffion  to  the  extent  of  14,000 
degrees.  As  to  the  agreement  of  thefe  two  methods,  Wedgwood  (fee  page  748) 
remarks  that  there  are  three  heats  in  the  glafs  furnaces  a ftrong  heat  for  vitrifi- 
cation, a low  heat  for  fettling,  and  a greater  called  the  working  heat.  This  laft 
was  found  in  plate  glafs  to  be  370  of  his  thermometer,  which  we  may  fuppofe  to 
correfpond  with  confiderable  latitude  to  the  ordinary  heat  of  Mr.  Loyfel  juft  men- 
tioned. Now  Mr.  Loyfel's  ordinary  heat,  reduced  to  the  fcale  of  Fahrenheit,  is 
234070,  and  the  working  heat  of  Wedgwood,  according  to  the  fame  fcale,  is 
9163° ; a difference  apparently  too  great  to  be  admitted  without  the  fuppofition 
of  error  in  the  parabolic  curve  of  the  former,  the  fhorc  intermediate  fcale  of  the 
latter,  or,  which  is  ft  ill  more  probable,  a change  in  the  meafuring  property  of  the 
clay,  at  the  higher  temperatures.  It  muft  not  however  be  overlooked,  that  the 
heats  ufed  in  the  glafs  furnaces,  and  elfewhere,  for  the  fame  nominal  purpofes, 
were  found  by  Wedgwood  to  differ  extremely,  though  not  fo  much  as  the  pre- 
ceding numbers  do  from  each  other. 

Concerning  the  Vitrification  and  Vitrfiable  Matters . 

The  author  here  defcribes  the  filiceous  earth  diftinguilhed  by  the  name  of  vitri- 
iiable,  and  enumerates  the  metallic  and  faline  fluxes,  of  which  he  gives  an  account 
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in  the  following  articles.  It  was  obvioufly  unneceffary  for  the  academicians  ta 
follow  the  author  in  thofe  chemical  departments  which  his  plan  required  him  to 
explain,  and  accordingly  their  extrad  is  very  properly  confined  to  fuch  parts  as 
are  peculiar  to  the  art  of  glafs-making. 

Of  the  Choice  of  Vitrifiable  Earth. 

The  whit  eft  fand  is  the  molt  frequently  mixed  with  other  earthy  fubftances. 
To  clear  it  of  thefe,  it  is  wafhedwith  agitation  in  clean  water.  The  earthy  parts, 
which  are  lighter  than  the  fand,  remain  fufpended  in  the  water,  which  is  decanted 
off,  and  freffi  parcels  added  till  it  comes  off  clear.  If  it  contains  combuftible 
matters  capable  of  colouring  the  glafs,  it  is  ignited  for  the  purpofe  of  burning, 
them  off.  This  is  the  method  of  purifying  the  fand  for  fine  glafs_ 

Of  the  Metallic  Calces  confidered  as  Fluxes. 

Of  all  the  metallic  calces  confidered  as  fluxes  of  filiceous  earth,  thofe  of  lead 
are  the  moil  ufed  ; not  only  becaufe  they  are  capable  of  vitrifying  a larger  dofe 
of  this  earth,  but  becaufe  they  are  lefs  coftly,  and  may  be  employed  in  confider- 
able  proportions  without  injuring  the  whitenefs  of  the  glafs.  Minium  is  preferred 
to  any  other  calx  of  lead.  If  it  be  ufed  with  the  verifiable  earth  of  pulverized 
flints,  or  the  white  fand  of  Aumont  near  Senlis,  five  pounds  of  minium  cannot 
completely  vitrify  more  than  two  pounds  of  this  earth  in  the  ordinary  fire  of  the 
glafs- houfe.  The  glafs  which  refults  is  of  an  orange  yellow,  and  full  of  veins  } 
and  ipecifically  near  five  times  as  heavy  as  water.  If  the  dofe  of  earth  be  fmaller, 
the  vitrification  is  more  fpeedy,  and  the  glafs  is  more  coloured  and  heavy.  The 
greater  proportion  of  calx  of  lead  which  enters  into  a compofition,  the  lei's  brittle 
the  glafs  proves  by  the  alternations  of  heat  and  cold.  The  more  on  the  other  hand 
the  vitrifiable  earth  predominates,  the  glafs  will  be  more  white,  tranfparent,  light, 
fubjeft  to  break  by  fudden  change  of  temperature,  and  difficult  to  foften  by  heat. 
The  proportions  of  calx  of  lead  and  fand  muft  therefore  be  varied  according  to  the 
objeft  defired. 

Concerning  Arfenic. 

The  ufe  of  arfenic  is  avoided  in  glaffes  which  contain  calx  of  lead,  becaufe 
this  material  favours  its  fublimation.  The  molt  effedual,  as  well  as  the  moffi 
common  method,  is  to  mix  nitre  along  with  the  vitrifiable  materials.  A large 
dofe  of  arfenic  gives  a milky  appearance  to  glafs,  and  may  even  render  it  entirely 
opake.  As  glafs  is  fometimes  capable  of  being  attacked  by  acids,  it  is  proper  to 
avoid  arfenic  in  all  veffels  intended  to  contain  liquors  for  drinking. 

Arfenic  mixed  with  coaly  matter  and  expofed  to  the  fire  becomes  violently  in- 
flamed and  flies  off.  Advantage  has  been  taken  of  this  property:  when  it  is  per- 
ceived during  the  fufion  that  the  glafs  is  coloured  yellow  for  want  of  calcination, 
and  that  the  mafs  is  not  fufficiently  fluid,  fome  manufacturers  are  in  the  habit,  off 
throwing  pieces  of  arfenic  into  the  pot.  The  arfenic  takes  away  fome  of  the  colour 
from  the  glafs,  and  by  its  inflammation  and  volatilization  gives  to  the  mafs  an 
internal  movement,  which  facilitates  its  fettling,  and  partly  clears  it  of  bubbles. 
But  it  is  evident  that  it  is  ufeful  only  as  a remedy  for  preceding  negligence. 
Mr.  Loyfel  is.  of  opinion  that_  arfenic  may  and  ought  to  be.  banifhed  from  the 
glafs  houfe. 

Concerning  Saline  Fluxes . 

The  pot-afh  and  foda  employed  as  faline  fluxes  vary  confiderably  by  the  quan- 
tity of  earth  and  neutral  fait  they  contain.  For  common  glaffes  the  mere  allies 
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-are  frequently  ufed.  In  all  cafes  trial  is  made  in  the  fmall  way  of  the  heft  pro- 
portions of  the  fand  and  the  alkali. 

The  neutral  falts  which  are  mixed  with  the  alkali  are  not  only  hurtful  becaufe 
they  diminilh  the  proportion  of  this  laft,  but  principally  becaufe  they  are  incapable 
of  combining  with  vitrifiable-  earth,  and  when  mixed  through  the  whole  mafs  of 
the  glafs,  they  form  a foreign  opake  matter.  In  this  ftate  the  moft  aclive  and 
dong  continued  heat  would  be  fcarcely  fufficlcnt  to  diflipate  thefe  falts.  The  moft 
effectual  remedy  hitherto  difcovered  confifts  in  dimin  idling  the  heat  of  the  furnace 
when  the  time  of  complete  fufion  is  paft.  The  neutral  falts  being  fpecifically 
lighter  rife  to  the  furface,  where  they  are  taken  off,  and  form  what  is  called 
fandiver,  fait  of  glafs,  or  glafs  gall  ; but  this  operation  is  attended  with  a lofs  of 
time  which  is  of  prejudice,  and  fome  of  the  fait  may  remain  in  the  manufacture. 
It  is  ufually  feen  in  the  form  of  white  flowers  refembling  flakes  of  fnow.  Thefe 
kinds  of  glafs  are  brittle,  efpecially  when  part  of  the  fait  of  glafs  is  at  the  furface. 
It  would  therefore  be  a valuable  operation  to  deprive  the  alkalis  of  the  neutral 
falts  with  which  they  are  mixed.  Mr.  Loyfel  avails  himfelfr-for  the  purification 
of  pot-afh,  of  its  property  of  being  much  more  abundantly  foluble  in  water  than 
the  neutral  falts  it  may  contain.  One  hundred  pounds  of  the  fatu rated  folution 
of  fixed  vegetable  alkali  contain  forty-eight  or  fifty  pounds  of  alkali  ; and  this 
folution  makes  forty-eight  or  fifty  degrees  on  the  areometer  of  Baume.  If  the 
evaporation  be  carried  on  till  the  folution  is  concentrated  to  the  fortieth  degree, 
the  g'reateft  part  of  the  foreign  falts  feparate,  and  what  remains  cannot  injure  the 
glafs.  This  method  adds  very  little  to  the  expence,  becaufe  the  beft  manufac- 
turers are  in  the  practice  of  diffolving  their  potath  to  fepatate  its  impurities. . 

During  the  fufion  the  fixed  air  is.difengaged  from  the  alkali,  and  produces  an 
effervefcence  which  renders  it  neceffary  to  increafe  the  number  of  fufions ; 
adding  but  fmall  quantities  of  the  mixture  at  a time,  in  order  that  the  elaftic 
fluid  may  be  at  liberty  to  efcape.  By  this  means  the  time  of  fufion  is  prolonged. 
The  inconveniences  of  this  effervefcence  are  avoided  by  adding,  as  Mr.  Loyfel 
propofes,  an  equal  weight  of  lime  to  the  alkali,  in  the  folution  made  for  the  laft- 
mentioned  purpofe.  This  cauftic  alkali  is  very  deliquefcent,  but  it  may  without 
any  inconvenience  be  employed  in  the  glafs-works  immediately  after  its  defecation. 

Pure  alkali  diffolves  a quantity  of  vitrifiable  earth,  which  is  more  confiderable 
the  greater  the  intenfity  of  the  heat : fo  that  the  point  of  faturation  depends  on 
this  circumftance.  Whence  it  happens  that  the  glafs  made  at  different  furnaces 
is  more  or  lefs  alkaline,  and  confequently  more  or  lefs  fubjedf  to  decompofition. 
If  the  proportion  be  fuch,  that  the  alkali  in  the  glafs  be  lefs  than  one  fourth  of 
its  weight,  the  glafs  will  be  very  folid  : but  if  the  heat  made  ufe  of  be  fo  feeble  that 
the  point  of  faturation  cannot  be  obtained  but  by  the  proportion  of  equal  parts  of 
thefe  two  ingredients,  the  glafs,  though  clear  and  tranfparent,  will  be  of  fo  loofe  a 
compofition  as  to  be  attacked  and  diffolved  by  mere  water. 

Concerning  Lime. 

Calcareous  earth  renders  the  glafs  into  which  it  enters  lefs  fubjedt  to  attradt 
moifture,  and  lefs  brittle  by  changes  of  heat  and  cold.  Its  whitenefs  is  not  per- 
ceptibly altered  ; but  in  order  to  avoid  the  effervefcence  produced  by  the  difen- 
gagement  of  fixed  air,  the  common  pradtice  is  to  ufe  lime.  This  pradticeis  ftill 
more  advantageous,  becaufe  the  combuftible  matters  of  the  lime  ftone  are  burned 
by  calcination ; and  the  water,  which  is  one  of  its  component  parts,  is  diffipated. 
This  water,  together  with  the  fixed  air,  if  volatilized  in  the  furnace  offufion,  would 
facilitate  the  efcape  of  part  cf  the  alkali. 
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Vegetable  earth,  fuch  as  is  obtained  by  lixiviation  of  the  afhes  of  vegetables, 
is  ufed  only  for  the  moft  ordinary  glafs,  becaufe  it  alters  their  clear  white  colour. 
As  it  is  fufible  alone,  which  lime  is  not,  it  might  be  employed  in  large  dofes 
without  fear  of  impeding  the  vitrification  of  the  fand  and  alkali,  if  there  were 
not  caufe  to  fear  the  deftrutftion  of  the  pots,  which  it  very  fpeedily  corrodes. 
This  property  makes  it  neceflary  to  limit  its  proportion  to  one  pound  for  every 
two  pounds  of  fand,  and  afufficient  quantity  of  alkali. 

The  lime  demands  for  its  vitrification  a greater  quantity  of  alkali  than  fand 
does ; yet  the  dofes  of  fand  and  alkali  being  determined  for  the  vitrification,  a 
good  glafs  may  be  obtained  by  adding  a certain  quantity  of  lime.  Whence  it 
happens,  that  with  the  fame  quantity' of  flux  a large  quantity  of  glafs  is  afforded, 
without  confidering  the  good  qualities  the  lime  communicates.  Lame  cannot, 
however,  be  ufed  but  with  great  moderation,  becaufe  the  glafs  of  which  it  is  apart 
vitrifies  the  clay  of  the  pots,  of  which  the  prefervation  is  an  important  object. 
From  this  confideration  no  more  than  ten  or  fifteen  pounds  of  lime  are  added  to 
one  hundred  pounds  of  alkali,  and  two  hundred  or  two  hundred  and  twenty 
pounds  of  vitrifuble  earth. 

There  is  an  eafy  remedy  againft  the  aCtion  of  the  glafs  containing  calcareous 
earth  upon  the  pots.  It  confifts  in  adding  to  the  compofition  of  the  glafs  a 
fufficient  quantity  of  clay  to  effeCt  a faturation.  This  is  accordingly  done  in  the 
manufacture  of  buttles.  But  as  the  clay  ufed  in  the  glafs- houfes  always  produces 
a green  glafs,  it  cannot  be  admitted  in  the  compofition  of  the  white  glafs. 

A very  remarkable  effeCt  of  calcareous  earth,  and  alfo  of  the  vegetable  earth, 
in  vitrification,  is  the  decompofition  of  the  vitriolic  falts  with  bafes  of  fixed  alkali, 
whatever  may  be  the  manner  of  their  favouring  the  difengagement  of  the  acid. 
Calcareous  earth  may  be  vitrified  in  the  proportion  of  one  part  of  the  earth  to 
three  or  four  of  fait,  according  to  the  degree  of  the  fire.  This  property  renders 
the  ufe  of  lime  and  the  vegetable  earth  very  advantageous  in  the  manufactories 
of  common  glafles,  wherein  the  foda  of  varec  is  ufed,  which  contains  a confiderable 
proportion  of  Glauber’s  fait  or  vitriolated  foda. 

Concerning  the  Subfiances  proper  to  purify  the  Glafs. 

The  fubftances  moft  advantageoufly  employed  in  the  purification  of  glafs  are 
the  calx  of  arfenic,  nitre,  and  the  calx  of  manganefe.  The  firft  has  been  already 
mentioned. 

Nitre  ferves  as  a flux  by  virtue  of  its  alkaline  part,  and  may  fupply  the  place 
of  alkali  according  to  the  proportion  it  contains ; but  its  high  price  prevents  its 
being  employed  for  that  purpofe.  It  is  with  a view  to  deftroy  the  coaly  matters 
contained  in  the  mixture  that  it  is  added,  and  accordingly  it  is  never  ufed  but 
when  the  materials  have  not  been  enough  calcined. 

It  is  likewife  with  the  fame  view  that  the  calx  of  manganefe  is  ufed.  We  are 
indebted  to  Scheele  for  a knowledge  of  the  manner  in  which  this  calx  operates. 
Naturally  it  gives  a violet  red  colour  to  glafs;  but  when  deprived  of  part  of  its 
oxigene  or  vital  air  by  the  combuftion  of  coaly  matter,  it  lofes  its  colour  and 
leaves  the  glafs  white.  Hence  a notion  may  be  formed  of  its  effeCts  when  added 
to  glafs  in  different  proportions.  If  the  dofe  be  too  fmall,  it  does  not  deftroy 
entirely  the  yellow  colour  produced  by  the  coal  of  the  ingredients  not  fufficiently 
calcined  ; if  it  be  too  large,  it  communicates  its  own  peculiar  tinge. 

The  calx  of  manganefe  is  capable  of  deftroying  fuch  colours  only  as  are  pror- 
duced  by  coaly  matter ; but  not  that  which  arifcs  from  metallic  fubftances,  fuch 
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as  iron,  lead,  and  cobalt.  . In  tbefe  cafes  it  produces  a mixed  colour  from  the 
combination  of  its  own  tinge  and  that  of  the  metal  already  in  the  glafs. 

If  it  be  propofed  to  communicate  to  glafs  the  colour  of  the  calx  of  manganefe, 
the  materials  muft  be  well  calcined ; and  arfenic  muft  not  be  ufed,  as  it  would  at- 
tract the  vital  air  of  the  calx.  Nitre  will  reftore  the  colour  if  deftroyed.  It  effeds 
this  by  affording  vital  air. 

In  fome  cafes,  when  it  is  defirable  to  give  a flight  green  tinge  to  glafs,  inftead 
of  the  yellow  colour  produced  by  a metallic  calx,  a fmall  quantity  of  the  calx  of 
cobalt  is  added,  which  gives  a blue  colour,  and  this  by  mixture  with  the  yellow 
produces  a green. 

The  calx  of  manganefe  forms  a glafs  fpecifically  heavier  than  common  glafs ; 
whence  it  arifes  that  the  glafs  at  the  bottom  of  the  pots  in  many  glafs  works  is 
violet.  It  is  undoubted  that  when  this  happens  the  dofe  of  manganefe  is  too 
great.  The  ufual  method  of  remedying  this  inconvenience  is  to  ftir  up  the  glafs 
with  an  iron  bar,  after  previoufly  railing  the  fire  to  render  it  more  fluid.  It  is 
thought  that  the  manganefe  is  in  part  diffipated  by  that  means;  but  it  is  merely 
diftributed  through  the  mafs.  A more  effedual  remedy  is  to  add  fome  com- 
buftible  fubftance  to  the  glafs  to  deftroy  its  colour ; fuch  as  arfenic,  charcoal, 
fulphur,  &c. 

Concerning  the  Calcination  of  the  Vitrifahle  Matters . 

The  calcination  is  an  important  preparation  of  the  materials  intended  to  be 
vitrified.  Its  chief  effeds  are  the  diffipation  of  volatile  fubftances,  which  ought 
not  to  enter  as  conflituent  parts  of  the  glafs,  and  the  combuftion  of  coaly  matters, 
which  without  this  operation  never  fail  to  colour  the  glafs. 

Two  conditions  are  requifite  to  a perfed  calcination  : i.  the  materials  muft 
prefent  a large  furface  to  the  air;  and  2.  the  heat  to  which  they  are  expofed  ought 
not  to  be  attended  with  the  fmoke  of  the  fuel.  The  firft  condition  demands  that 
the  heat  fhould  not  be  fo  violent  as  to  produce  fufion.  And  moreover  the  heat 
fliould  be  gradually  raifed,  to  drive  off  the  volatile  matters,  without  railing  along 
with  them  any  part  of  thofe  which  are  more  fixed. 

The  fand  made  ufe  of  is  commonly  more  or  lefs  white  in  its  natural  ftate;  but 
it  becomes  ftitl  more  fo  by  calcination,  and  the  glafs  is  improved  in  confequence. 
The  fire  may  be  urged  to  the  ftrongeft  degree  when  fand  is  calcined  by  itfelf ; 
but  a moderate  heat  is  commonly  ufed,  unlefswhen  the  very  fineft  glafs  is  intended 
to  be  made.  In  general  the  fand  is  fubjected  to  no  other  calcination  than  that 
of  the  mixture  of  alkali,  lime,  &c.  called  the  frit. 

The  calcination  of  the  alkali  is  of  the  firft  importance.  By  this  means  the 
elaftic  fluid  is  driven  off  which  would  difturb  the  fufion.  Part  of  the  evaporation 
of  the  fait,  which  takes  place  before  it  acts  as  a folvent  to  the  fand,  is  thus  pre- 
vented. And  more  particularly  the  coaly  matters  are  burned,  which  it  always 
retains  notwithftanding  any  other  previous  depuration. 

In  the  purification  of  alkalis  all  fuch  veffels  are  to  be  avoided  as  might  com- 
municate colouring  particles  to  them;  fuch  as  boilers  of  iron.  Thofe  of  lead 
are  preferable;  becaufe  if  any  portions  of  the  metal  fhould  be  detached,  no  fenfible 
inconvenience  will  arife  as  to  the  whitenefs  of  the  glafs. 

The  heat  muft  be  more  particularly  attended  to  in  the  purification  of  the  alkali, 
that  it  may  be  fo  moderate  as  not  to  produce  that  liquefaction  which  is  called  the 
aqueous  fufion,  and  arifes  from  the  water  it  contains.  For  this  purpofe  the  fait  muft 
be  frequently  turned,  and  not  calcined  in  too  great  a quantity  at  a time. 
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The  calcined  fixed  alkali  may  be  preferved  in  its  concrete  form  in  apartments 
defended  from  moifture.  The  fame  precaution  is  not  required  for  the  lime  and 
fand. 

After  the  mixture  of  thefe  three  fubitances  the  mixture  may  be  fubjedted  to 
vitrification  in  the  pots  of  the  furnace  of  fufion  ; or  it  may  be  fubjedted  to  another 
calcination  called  the  operation  of  the  frit.  If  the  mixture  of  vitrifiable  matters 
be  not  fubjedted  to  this  operation,  the  other  ingredients  are  likewife  added  at  this 
period,  whether  they  be  nitre,  arfenic,  or  calx  of  manganefe,  for  purifying  the 
glafs,  or  fuch  metallic  calces  as  are  intended  to  produce  colour.  But  if  the  mixture 
be  fritted,  no  other  materials  are  now  added  but  the  calces  which  are  intended  to 
poffefs  the  laft  ftate  of  calcination. 

Concerning  the  Operation  of  the  Frit. 

The  operation  of  the  frit  anfwers  two  purpofes.  The  firft  is  to  complete.the 
combuflion  of  the  coaly  matter  and  the  diflipation  of  volatile  fubftances ; the 
fecond,  to  incorporate  the  materials  with  each  other  by  a beginning  of  that  combi- 
nation which  is  perfeded  in  the  furnace  of  fufion. 

When  a mixture  of  very  dry  concrete  ajkali  and  fand  is  made,  and  immediately 
fubjedted  to  an  heat  fufficient  for  its  vitrification,  the  alkali  fpeedily  enters  into 
fufion  ; the  fand  being  more  heavy  than  this  fluid  alkali,  falls  to  the  bottom  of 
the  veffel,  and  the  fupernatant  alkali  is  in  part  evaporated  before  the  whole  of  the 
fand  can  .be  diffolved.  In  this  cafe  the  glafs  will  contain  unvitrified  fand,  not- 
withftanding  a fufficient  or  even  fuperabundant  proportion  of  alkali  may  have 
been  ufed.  This  inconvenience  is  but  too  common  in  thofe  works  where  the 
operation  of  the  frit  is  not  ufed  •,  but  it  is  avoided  by  that  commencement  of 
union  which  the  fand,  lime,  and  alkali  acquire  in  this  operation,  and  which  holds 
them  together  till  the  vitrification  is  completed. 

The  accurate  mixture  of  the  vitrifiable  matters  can  alone  produce  the  cleared: 
glafs,  which  is  the  propereft  to  receive  the  feveral  colours  afforded  by  the  metallic 
calces.  The  frit  is  therefore  an  operation  of  advantage  for  coloured  glaffes,  as 
it  prevents  the  production  of  falfe  or  irregular  tinges. 

Vitrifiable  matters  newly  fritted  deftroy  and  corrode  the  crucibles  lefs  than  fuch 
as  have  not  been  fo  treated  : i . becaufe  they  are  exempt  from  humidity  : and  2. 
becaufe  the  alkali  is  no  lobger  in  a difengaged  ftate. 

When  it  is  propofed  to  augment  the  denfity  of  a j^lafs  by  means  of  a metallic 
calx  or  glafs,  fuch  as  thofe  of  lead,  the  glafs  produced  will  be  more  uniform  in 
its  texture,  the  more  equally  the  combination  has  been  effected  through  the  whole 
of  the  mats.  Now  the  commencement  of  combination,  which  is  eftablilhed  be- 
tween all  the  parts  of  the  frit,  prevents  the  calx  of  lead  from  falling  down  as  readily 
as  it  would  otherwife  do. 

The  operation  of  fritting  is  performed  in  one  or  more  furnaces  adjacent  to  the 
furnace  of  fufion  which  communicates  with  it,  and  to  which  the  name  of  arches  a 
fritte  is  given  by  the  French,  or  otherwife  it  is  done  in  feparate  furnaces.  The 
former  method  is  preferable,  becaufe  the  flame  does  not  arrive  at  the  frit  until 
all  the  parts  of  the  fuel  have  had  time  to'  be  confumed  ; becaufe  they  can  more 
eafily  be  kept  at  a Heady  and  fuitable  heat  without  an  additional  expence  of  fuel,  ' 
and  becaufe  the  vitrifiable  matters  may  be  immediately  transferred  in  their  white 
heat  to  the  furnace  of  fufion.  Hence  the  vitrification  is  more  fpeedy,  and  the 
crucibles  lefs  injured,  than  if  the  materials  were  put  in  cold. 
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Concerning  the  Fufion  of  the  vitriftable  Matters. 

It  is  neceffary  to  diminifh  the  heat  of  the  furnace  at  the  time  of  working  the 
glafs,  in  order  that  it  may  affume  confidence  enough  to  be  wrought;  but  as  the 
ingredients  required  to  be  added  from  time  to  time  occafion  a refrigeration,  the 
furnace  is  again  heated  before  they  are  introduced.  The  time  of  re-heating 
differs  in  different  works  : but  it  is  ordinarily  one  or  two  hours  for  furnaces  of 
.fix  or  feven  feet  in  diameter. 

The  cold  produced  by  this  circumftance  being  in  proportion  to  the  quantity 
added,  it  is  clearly  requifite  not  to  add  too  much  at  a time;  iuecaufe  too  much 
cooling  might  even  break  the  veffels.  The  pots  are  therefore  filled  at  two,  three, 
or  four  different  intervals;  and  this  is  called  making  two,  three,  or  four  fonts 
(J antes). 

The  fecond  font  muff  not  fucceed  the  firft  until  the  preceding  vitrification 
is  completed.  Two  methods  are  ufed  to  afcertain  this.  The  firft  confifts  in 
obferving  the  end  of  the  effervefcence,  and  the  diffipation  of  the  alkali  fuper- 
abundant  to  the  vitrification ; which  may  be  known  by  the  tranquillity  of  the 
font.  The  fecond  confifts  in  taking  proof  of  the  glafs,  after  the  ceffation  of  the 
fumes  arifing  from  the  evaporation  of  the  alkali.  If  it  be  found  that  the  bubbles 
are  diffipated,  the  fecond  font  may  be  made : and  the  fame  obfervation  applies  to 
the  fucceedirig  fonts. 

The  time  employed  in  the  vitrification  is  diftinguifhed  by  the  name  of  the 
time  of  fonding,  and  that  employed  in  the  diffipation  of  the  bubbles,  the  fettling 
or  refining  (affinage).  The  glafs  is  faid  to  be  fine,  or  well  refined,  when  it  con- 
tains no  more  bubbles.  If  the  fecond  font  were  to  be  made  before  the  glafs  of 
the  firft  were  well  refined,  the  fubfequent  cooling  would  prevent  the  diffipation 
of  the  bubbles,  at  leaft  during  the  whole  time  requifite  to  produce  the  ori- 
ginal fluidity,  and  the  fubfequent  refining  w'ould  prove  long  and  tedious.  While 
the  pots  are  thus  fupplied,  the  vents  of  the  flame  muft  neceffarily  be  kept  open, 
which  cools  the  furnace  alfo.  For  thefe  reafons,  it  is  proper  to  avoid  either  too 
few,  or  too  many  fonts. 

As  foon  as  the  glafs  is  fine,  the  heat  of  the  furnace  is  diminifhed  by  adding  lefs 
fuel,  or  none  at  all,  according  to  the  nature  of  the  work,  whether  of  blown  or  of 
caft  glafs.  By  the  diminution  of  heat,  the  glafs  becomes  thicker  or  lefs  fluid,  and 
is  fit  for  working.  During  the  whole  time  of  working  the  confiftence  muft  be 
the  fame  : and  for  this  realon,  in  the  operation  of  blowing,  of  which  the  working 
may  continue  from  five  hours  to  twenty  or  more,  according  to  the  nature  of  the 
articles,  the  furnace  muft  be  kept  at  the  fame  degree..  But  this  need  not  be  as, 
intenfe  as  for  the  fonding  and  refining. 

This  laft  remark  does  not  quite  agree  with  the  account  given  by  Mr.  Wedg- 
wood (Art.  Pyrometer,  p.  748)  of  the  fonding,  fettling  and  working  heats.  But 
I fuppofe  the  working  heat  tobe>  as  Mr.  Loyfel  informs  us,  lower  than  the  others, 
for  blown  glafs ; and  that  Mr.  Wedgwood’s  increafed  heat  for  working  may  be 
ufed  only  in  the  manufadure  oi  caft  plate  glafs. 

There  are  two  methods  in  pradice  of  concluding  the  fonding,  refining,  and 
working  of  glafs.  In  the  firft,  each  operation,  is  made  at  the  fame  time  in  all. 
the  pots ; in  the  fecond,  the  fonding  and  refining  are  effeded  in  one  half  of  the 
pots,  while  the  glafs  is  worked  in  the  others.  It  is  eafy  to  imagine  that  the  glafs. 
works  where  this  laft  pradice  prevails  cannot  have  fo  intenfe  a.  fire  as  the  others. 
To  fupply  this  defed,  a greater  quantity  of  flux  is  ufed  in  the  vitrification;, 
and  the  glafs,  containing  lefs  earth,  is  tender,  and  fubjed  to  be  decompofed.  Ex- 
ception 
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ception  muft  however  be  made  with  regard  to  thofe  glafs  works  in  which  no  other 
materials  are  ufed  but  old  glafs,  or  very  fufible  matters,  fuch  as  lavas,  bafaltes,  &c. 

Of  the  Annealing  of  Glafs. 

Glafles  of  any  confiderable  thicknefs,  as  for  example  two  or  three  lines,  if  fuf- 
fered  to  cool  in  the  open  air  immediately  after  being  formed,  fuffer  an  unequal 
contraction  from  their  furface  on  account  of  the  inequality  of  their  thicknefs. 
Thefe  glafles  frequently  break  of  themfelves  by  change  of  temperature.  They 
fly  or  break  with  fome  noife,  when  an  attempt  is  made  to  cut  them  with  the  dia- 
mond, or  to  grind  them  on  the  wheel  or  other  tool.  The  annealing  is  a remedy 
for  this  defect.  It  confifts  in  pafling  the  glafs,  flowly  and  by  infenfible  degrees, 
from  the  ftate  of  ignition  it  poflefles  in  the  furnace  of  fufion  to  the  temperature  of 
the  atmofphere.  For  this  purpofe,  as  foon  as  the  work  is  finifhed,  and  has  aflumed 
confidence  enough  to  retain  its  form,  it  is  conveyed,  while  ftill  at  a red  heat,  into 
a furnace  which  has  nearly  the  fame  heat  as  itfelf.  There  the  cooling  is  effected 
in  one  of  the  two  following  ways  : The  annealing  furnace  is  filled  with  the  manu- 
factured articles,  and  kept  at  the  fame  heat  during  the  whole  time  of  working, 
after  which  it  is  fuffered  to  cool  flowly  together  with  its  contents  : or  otherwife, 
one  or  feveral  pieces  newly  made  are  gradually  pafled  along  the  annealing  fur* 
nace  by  occafionally  removing  them  from  one  end,  which  is  hotted,  to  the  other, 
where  it  is  fo  low  that  the  pieces  may  thence  be  fafely  transferred  into  the 
open  air. 

The  flownefs  of  annealing  varies  according  to  the  brittlenefs  of  the  kind  of 
glafs,  and  the  thicknefs  of  the  work.  Thus  a glafs  made  with  flint  and  alkali 
alone  is  more  difficult  to  anneal  than  if  it  contained  a metallic  calx  or  lime;  and 
the  firft  kind  will  always  be  more  fubjet  to  break  by  alternations  of  heat  and  cold. 
The  veffels  to  be  annealed  muft  be  cool  -enough  not  to  adhere  to  the  fupport  on 
which  they  are  placed ; for  the  inequality  of  contration  between  them  and  the 
fupport  might  occafion  them  to  break.  The  fame  accident  arrives  to  pieces 
made  of  glafles  of  different  difpofitions  to  contrat.  The  contradtion  of  the 
piece  to  be  annealed  is  effedted  more  eafily,  the  lefs  fridtion  it  has  to  overcome  : 
for  which  reafon,  when  large  plates  of  glafs  are  to  be  annealed,  the  furface  is 
placed  on  moveable  bodies,  fuch  as  grains  of  fand. 

Concerning  the  principal  Defers  obfervable  in  Works  made  of  Glafs. 

The  moft  confiderable  defedts,  as  enumerated  by  Mr.  Loyfel,  are  ftrise  or 
veins,  threads,  tears,  cords,  bubbles,  and  knots. 

The  ftrise  or  veins  arife  from  the  heterogeneous  compofition  of  the  glafs.  It 
feldom  happens  that  glafles  of  any  confiderable  magnitude  are  exempt  from 
them,  and  the  reafon  is  not  difficult  to -explain. 

Glafs  produced  by  the  folution  of  filiceous  earth  by  fixed  alkali,  at  the  ordi- 
nary heat  of  the  glafs- houfe,  poffeffes  a fpecific  gravity  of  twenty- three  or 
twenty  four,  water  being  aflumed  as  ufual  at  ten.  Glafs  made  with  alkali  and 
the  clay  commonly  ufed  weighs  about  twenty-five.  That  of  alkali  and  chalk, 
twenty-feven  or  twenty- eight.  The  calx  of  manganefe  vitrified  alone  weighs 
thirty-two  or  thirty-three.  Glafles  produced  by  other  metallic  calces  are  ftill 
more  ponderous : that  of  lead,  for  example,  weighs  about  feventy-two  or  feventy* 
three.  When  the  partial  combinations  of  the  ingredients  of  the  gl aft  are  not 
well  mixed  together,  but  form  ftrata  of  different  denfity  in  the  pots,  they  produce 
undulated  veins  in  the  work  fimilar  to  thofe  obferved  when  two  liquids  of  very 
different  denfities  are  firft  mixed,  fuch  as  water  and  ardent  fpirit. 
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As  the  glafs  in  the  operations  of  blowing  is  taken  up  nearly  from  the  fame 
part  of  the  pot,  and  as  in  the  cafting  of  glafs  the  pot  is  fuddenly  reverfed  and  its 
whole  contents  mixed  together,  it  is  found  that  blown  glafs  is  much  mare  uniform 
than  that  which  has  been  call. 

The  name  of  threads  is  particularly  given  to  thofe  veins  which  are  produced 
by  the  vitrification  of  clay.  They  are  greener  than  thofe  produced  by  calcareous 
earth.  Thefe  threads  render  the  glafs  very  brittle,  when  they  are  abundant,  or 
when  any  of  them  are  of  confiderable  fize,  becaufe  the  contraction  and  dilatation 
of  this  kind  of  glafs  from  change  of  temperature,  are  very  different  from  thofe 
of  the  glafs  of  fand  and  flint. 

Tears  are  the  greateft  defed  which  can  be  found  in  glafs.  They  are  the  drops 
of  glafs  afforded  by  the  vitrification  of  the  furnace  of  fufion.  Works  in  which 
thefe  are  found,  are  brittle.  Mod  of  them  break  by  the  alternations  of  tempera- 
ture, and  that  the  more  furely,  the  nearer  the  tear  is  to  the  furface.  Such  arti- 
cles are  generally  thrown  afide.in  the  glafs- houfe. 

Cords  are  afperitieson  the  furface  of  certain  articles  of  blown  glafs.  They  am 
produced  whenever  the  heat  of  the  furnace  becomes  fo  low,  that  the  threads  of: 
glafs  which  fall  from  the  pipe  into  the  crucible,  cannot  refume’tbe  proper  degree- 
of  fluidity.  When  this  appearance  prefents  itfelf,  the  work  is  gi-ven  up  till  the- 
heat  of  the  furnace  is  again  brought  to  the  requifite.  degree. 

The  fmall  bubbles  abundantly  diffufed  through  certain  glaffes  fhew  that  the 
refining  is  impeded. . They,  arife  from  the  difengagement  of  eladic  fluid  during- 
the  vitrification.  This  imperfedion  fhews  either  that  the  quantity  of  flux  has 
been  too  fmall,  or  the  fire  too  weak.  In  the  fifft  cafe,  the  glafs  may  be  ufed  - to 
hold  liquids  without  fear  of  being  attacked  ; inthefecond,  the  glafs  is  tender  and 
eafily  aded  on  by  acids,  if  the  flux  were  of  an  alkaline  nature,  becaufe  its  propor- 
tion is  too  great. 

Bubbles  may  alfo  be  produced  in  glafs,  during  the  working,  by  certain  foreign- 
matters  which  are  fixed,  and  emit  aerial  fluid  by  the  heat. 

Knots  are  of  three  kinds.  They  are  either  formed  by  grains  of  fand  enveloped1 
in  the  glafs,  of  by  the  fait  of  glafs  which  is  found  in  pieces,  or  white  flocks,  er 
la  ft  1 y by  pieces  detached  from  the  crucible  or  the  fides  of  the  furnace. 

SILK  * is  a fibre  or  thread  fpun  by  the  {ilk-worm  to  form  a nidus  for  its  pre- 
fervation  in  the  chryfalis  ftate.  It  is  wound  off  in  the  manufadories,  and  afterwards- 
joined  or  fpun  into  thicker  threads.  We  do  not  poffefs  any  explanation  of  the 
procefs  by  which  filk,  which  in  the  body  of  the  in  fed  has  the  form  of 
a glutinous  unorganized  mafs,  becomes  confident,  firm,  and  very  fltong,  in  an  ex- 
ceedingly (hol  t time  after  it  has  been  drawn  out  into  thread.  Anglers  have  a prac- 
tice of  cutting  the  body  of  a filk-worm,  and  drawing  out  the  w'hole  of  the  lilky  con- 
tents into  a firing  of  a few  inches  long,  which  fpeedily  acquires  confidence,  has. 
the  appearance  of  cat-gut  or  fiddle-firing,  but  is  more  trani  parent,  and  is  on  that 
account  lefs  vifible  under  water  when  ufed  as  a fifhing-line.  M.  Chappe  has, 
made  very  intending  refearch.es  as  to  the  management  of  this  matter.  He  dif- 
feds  the  veflels  out  of  the  filk-worm,  wadies  them  with  water,  and  then  dilutes, 
their  contents  by  trituration,  with  about  one  third  of  its  weight  of  water.  By 
this  preparation  they  could  be  blown  into  permanent:  globes,  and  otherwife  formed.. 
See  Annales  de  Chimie,  xi.  113. 

Sfik  appears  to  be  a fort  of  dried  gummy  matter.  It  differs  from  vegetable  fub- 
* Chiefly  from  Bertkollet. . 
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fiances,  i.  in  affording  volatile  alkali  by  distillation : 2.  in  affording  azotic 

gas  by  treatment  with  nitrous  acid  : 3.  in  affording  a peculiar  oil,  which  is 
ieparated  from  it  when  the  nitrous  acid  converts  it  into  acid  of  fugar,  as  has 
been  fhewn  by  Berthollet.  It  feems  to  be  a compound,  confiding  of  a 
vegetable  mucilage,  with  a peculiar  animal  oil  which  renders  it  pliant,  dudile, 
and  elaflic. 

Silk  is  naturally  coated  with  a fub'ftance  which  has  been  confidered  as  a gum,  to 
which  it  owes  its  ftiffnefs  and  elasticity  ; that  which  is  moft  commonly  met  with  in 
France  contains,  befides,  a yellow  "colouring  matter. 

Moft  of  the  purpofesfor  which  filk  is  employed  require  that  it  fhould  be  deprived 
not  only,  of  its  colouring  matter  but  alfo  of  its  gum.  Both  thefe  purpofes  are 
anfwered  by  means  of  foap,  and  the  term  fcouring  (decreufage)  is  applied  to  this 
operation,  by  which  it  acquires  its  fupplenefs  and  whitenefs.  The  fcouring  ought 
not  to  be  fo  complete  for  fi Iks  which  are  to  be  dyed,  as  for  thofe  which  are  in- 
tended to  remain  white;  and  a difference  ought  even  to  be  made,  according  to 
the  colour  we  mean  the  filk  fhould  have. 

This  difference  confifts  chiefly  in  the  quantity  of  foap  employed  : thus,  for  com- 
mon colours,  it  is  generally  thought  fufScient  to  boil  the  filk  for  three  or  four- 
hours  in  a folution  of  twenty  pounds  of  foap  for  each  hundred  of  filk,  taking  care 
to  fill  up  the  kettle  with  water  from  time  to  time,  that  there  may  be 'always  a 
fufficient  proportion  of  fluid.  The  quantity  of  foap  is  increafed  for  thofe  filks 
which  are  to  be  dyed  blue,  and  more  efpecially  for  thofe  that  are  to  bo  fcarler*. 
cherry-colour,  &c.  becaufe  for  thefe  colours  the  ground  muft  be  whiter  than  for 
fuch  as  are  fefs  delicate.  In  treating  of  each  colour,  the  quantity  of  foap  proper 
for  the  filk  intended  to  receive  it  is  mentioned. 

When  filk  is  to  be  employed  white,  it-  undergoes  three  operations.  The  firfl? 
is  called  by  the  French  oegommage, -and  by  our  workmen  (baking  over;  it  con- 
fifts in  keeping  the  hanks  of  filk  in  a folution  of  thirty  pounds  of  foap  to  a hundred 
of  filk  : this  folution  ought  to-be  very  hot,  but  not  boiling  : when  that  part  of 
the  hanks  which  is  imrnerfed  is  entirely  freed  from  its  gum,  which  is  known  by 
the  whitenefs  it  acquires,  the  hanks  are  turned  upon  the  (kein  (licks,  fo  that  the. 
part  which  was  not  before  imrnerfed  may  undergo  the  fame  operation  ; they  are- 
then  taken  out  of  the  kettle  and  wrung  out,  according  as  the  operation  is  com- 
pleted. 

The  fecond  operation  is  the- cuite  or  boiling.  The  filk  is  put  into  bags  of 
coarfe  cloth,  five-and-twenty  or  thirty  pounds  in  each  bag,  which  is  called  a 
boiling  bag  (poche)  a bath  of  foap  is  prepared  like  the  former,  but  with 
a lefs  quantity  of  foap;  in  this  the  bags  are  boiled  for  an  hour  and  a half, 
taking  care  to  keep  them  conftantly  ftirred,  that  thofe  which  touch  the  bottom  of 
the  kettle  may  not  receive  too  much  heat. 

The  third  operation  is  called  bleaching  or  whitening,  which  is  principally 
intended  to  give  the  filk  a flight  caft,  to  make,  the  white  more  pleafing  ; and  from 
which  it  derives  different  names,  fuch  as  china  white,  filver  white,  azure  white, 
or  thread  white.  A folution  of  foap  is  prepared,  the  proper  ftrength  for  which  is 
determined  by  its  mode  of  frothing  when  agitated  : for  the  china  white,  which 
fhould  have  a flight  tinge  of  red,  a final  1 quantity  of  anotto  is  added,  and  the  filk 
is  fhaken  over  in  it  until  it  has  acquired  the  defired  (bade.  To  the  other  whites, 
more  or  lefs  of  a blue  tinge  is  given  by  adding  a little  blue  to  the  folution  of  foap,. 
though  fome  had  .before  been  put  into  the  cuite. 

To  prepare  the  azure,  fine  indigo  is  taken  ; and  after  being  well  wafhed  two  or 
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three  times  in  moderately  warm  water,  it  is  ground  fine  in  a mortar,  and  boilin» 
water  poured  on  it ; it  is  then  left  to  fettle,  and  the  liquor  alone  is  employed^ 
which  retains  only  the  moft  fubtile  parts  : this  is  called  azure.  A fmall  quantity 
of  the  liquor  of  a frefli  vat  of  indigo  may  be  fubftituted  for  azure. 

At  Lyons,  where  they  make  a more  beautiful  white  than  at  Paris,  no  foap  is 
ufed  in  the  third  operation  ; but  after  the  fecond,  the  filks  are  wafhed,  fumigated 
with  fulphur,  and  azured  with  river  water.  In  this  method  it  is  of  importance  to 
employ  very  clear  water. 

When  the  filk  has  become  very  uniform,  and  has  acquired  the  defired  fhade,  it 
is  wrung  out  and  dried. 

The  white  obtained  by  thefe  means  is  not  yet  fufficiently  bright  for  the  filk 
intended  for  white  fluffs ; but  mufl  ftill  be  expofed  to  the  vapour  of  fulphur. 

As  foap  feems  to  impair  the  luflre  of  filk,  the  academy  of  Lyons,  in  1761,  pro- 
pofed  as  the  fubjeft  of  a prize-differtation  to  find  a method  of  fcouring  filks 
without  foap ; and  the  prize  was  adjudged  to  Mt.  Rigaut,  of  S.  Quentin,  who 
propofed  fubftituting  for  foap  a folution  of  foda,  or  carbonat  of  foda,  fo  much 
diluted  with  water  as  not  to  injure  the  filk  ; but  fome  inconvenience  mufl  have 
attended  the  prafticeof  this  method,  as  it  is  not  adopted,  though  generally  known 
and  eafy  of  execution. 

The  Abbe  Collomb  * has  publifhed  fome  obfervations  highly  worthy  of  at- 
tention, refpedting  the  fcouring  of  filk  by  the  adtion  of  water  alone.  Having 
perceived  that  a fkein  of  yellow  filk,  which  he  had  boiled  for  about  three  hours 
in  common  water,  had  loft  nearly  one  eighth  of  its  weight,  he  repeated  the  boiling 
twice,  and  thereby  brought  the  diminution  to  nearly  one  quarter. 

The  filk  which  has  fuffered  this  lofs  of  weight  ftill  retains  a yellow  or  rather 
chamois  colour,  which  renders  it  unfit  for  white  fluffs,  or  for  fuch  as  are  intended 
to  receive  any  colour  the  beauty  of  which  depends  on  the  whitenefs  of  the 
ground  upon  which  it  is  applied  : but  it  takes  thofe  colours  very  well  which 
cannot  be  injured  by  the  tinge  it  retains ; thus  the  black  which  it  took  feemed 
preferable  to  that  of  filk  fcoured  with  foap. 

The  filk  remains  very  firm  and  flrong  after  this  operation  ; the  threads  of  it, 
compared  with  fimilar  ones  fcoured  with  foap,  fupported  weights  which  broke 
the  others. 

Eight  hours  of  brifk  ebullition  are  required  to  diffolve  the  whole  gummy  coat 
of  filk,  and  it  thereby  lofes  a little  more  than  one  fourth  of  its  weight;  but  the 
boiling  ought  to  be  continued  longer  when  the  barometer  is  low,  becaufe  the 
greater  the  weight  of  the  atmofphere,  the  higher  is  the  degree  of  heat  at  which 
water  boils. 

This  confideration  led  M.  Collomb  to  try  the  effedt  of  boiling  filk  in  Papin’s 
digefter  ; and  he  found  that  only  one  hour  and  a quarter  were  required,  to  com- 
plete the  folution  of  the  gummy  coat,  although  the  degree  of  hear  mufl  have  been 
inferior  to  that  which  produced  many  of  thofe  effedls  obferved  by  philofopbers,  in 
that  concentrated  kind  of  ebullition. 

Berthollet  fays  that  he  faw  a pattern  of  filk  [fluff  fcoured  by  M.  Collomb  ; it 
feemed  to  have  the  qualities  which  he  mentions ; but  it  had  lefs  fupplenefs  and 
foftnefs  than  filk  fcoured  with  foap. 

M.  Le  Camus,  a learned  naturaliftof  the  academy  of  Lyons,  gave  Berthollet  a 
fmall  quantity  of  the  fubftance  feparated  from  filk  by  the  water,  in  one  of  M. 

* Obfervations  fur  la  Diffolution  duVernis  dela  Soie.  Journ.  de  Phyf.  Aout,  1785. 
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Collomb’s  operations;  it  was  black,  brittle,  and  of  a fhining  fra&ure,  and  afforded 
by  diftillation  the  ufual  products  of  animal  fubftances;  it  diffolved  eafily  in  warm 
water,  and  left  very  little  refiduum  on  the  filtre;  the  folution,  which  js  tranfparent, 
and  of  a greenifb  yellow  colour,  was  not  fenfibly  affe&ed  by  acids  or  alkalis. 

Solution  of  alutp  produced  in  it  a dirty  white  precipitate  : that  of  copper,  a 
dark  brown  precipitate;  that  of  fulphat  of  iron,  a brown  precipitate;  folution  of 
tin  in  aqua  regia,  a white  precipitate  ; acetite  of  lead,  a brown  precipitate.  All 
thefe  precipitates  are  in  fmall  quantity,  and  more  or  lefs  vifcous.  The  infufion 
of  galls  and  that  of  fumach  produce  a white  precipitate. 

Alcohol  does  not  dilfolve  this  fubftance  even  by  ebullition,  taking  up  only  a 
yellow  colouring  matter;  this  folution,  by  evaporation,  afforded  a refiduum  of 
fcales  of  an  amber  yellow. 

Berthollet  added  fome  drops  of  muriatic  acid  to  nearly  two  ounces  of  alcohol, 
and  boiled  it  on  twenty  grains  of  the  filk  gum  : a folution  took  place  ; but,  on 
cooling,  this  fubftance  put  on  the  appearance  of  jelly. 

The  fubftance  taken  from  the  filk  in  the  fcouring,  then,  appears  to  be  of  an 
animal  nature,  and  therefore  the  foap-fuds  ufed  in  that  operation  foon  become 
putrid  ; when  feparated  from  the  filk,  it  is  eafily  diffolved  in  water,  but  not  in 
alcohol.  Though  not  of  a vegetable  nature?  it  may  with  confiderable  propriety 
be  called  a gum.  That  part  which  gives  it  the  yellow  colour  is  foluble  in  alco- 
hol, and  when  it  is  feparated  the  gum  becomes  brown.  Is  is  not  improbable  that 
this  colour  is  occafioned  by  the  heat  to  which  it  is  expofed  in  the  boiling,  becaufe 
when  only  the  yellow  colouring  part  is  feparated  by  M.  Baume’s  procefs,  which; 
will  prefentlv  be  delcribed,  the  filk  is  whitened. 

In  M.  Collomb’s  procefs  the  gum  is  feparated,,  and  takes  with  it  only  fome  of 
the  colouring  particles ; and  in  the  procefs  of  fcouring  by  foap  the  gum  and  the 
yellow  colouring  particles  are  carried  off  together- 

Berthollet  boiled  fome  yellow  filk  in  a retort,  where,  as  the  vapours  did  not 
efcape  fo  freely  as  from  an  open  veffel,  a degree  of  heat  mult  have  been  produced 
fuperior  to  that  of  water  boiling  in  the  open  air.  After  having  been  boiled  for 
four  hours,  the  filk  had  loft  one  fourth  of  its  weight,  but  it  had  almoft  entirely 
retained  its  colour. 

The  fame  chemift  boiled  another  pattern  in  the  fame  way,  in  a quantity  of 
water  impregnated  with  common  fait ; it  became  whiter,  but  loft  lefs  of  its  weight, 
though  the  degree  of  heat  was  certainly  increafed  by  the  addition  of  the  fait,, 
which  reftrained  the  evaporation  of  the  water  : poffibly  a part  of  the  fait  had 
' united  with  the  filk.  Experiments  might  be  made  with  other  falts ; and  perhaps; 
we  (hould  find  fome,  that,  without  injuring  the  filk,  might  be  more  ufeful  in  dif- 
folving  the  gum  and  colouring  particles. 

When  the  filk  is  intended  for  the  manufacture  of  blonds  and  gauzes,  its  natural! 
elafticity  and  ftiffnefs  ftiould  be  preferved  : the  greateft:  part  of  what  is  produced, 
in  France  is  of  a yellow  colour,  but  it  is  the  white  China  filk  that  is  principally 
ufed  for  thefe  purpofes ; this  is  fo  dear,  that  the  French  manufacturers  cannot  vie 
with  the  Englifti,  from  whom  they  get  it,  as  the  Englifh  always  referve  the  fineft: 
for  their  own  manufactures.  It  has  therefore  been  a defideratum  to  find  out  the 
means  of  depriving  the  yellow  filk  of  its  colouring  particles,  without  deftroying 
the  gum,  and  thereby  depriving  the  filk  of  its  elafticity.  M.  Baume  has  folved 
this  interefting  problem,  but  has  kept  his  procefs  fecret fome  artifts,,  however,  to. 
whom  he  had  entrufted  it,  or  who  had  been  led  to  the  difeovery  by  their  own, 
©bfervations,  fticceedcd  in  the  execution  of  it;  but  the  procefs  appears  to  be. 
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liable  to  accidents,  which  by  occafioning  lofs  ihcreafe  expence  ; To  that  hitherto, 
notwithstanding  the  advantages  it  prefents,  it  has  not  been  carried  into  execution. 
The  following  is  an  account  of  what  has  tranfpired  refpedting  it  : 

A mixture  is  made  with  a Small  quantity  of  marine  acid  and  alcohol,  in  which 
the  filk  is  immerfed  ; the  marine  acid  muft  be  pure,  and  not  contain  any  nitrous 
acid,  which  makes  the  filk  yellow.  To  give  it  an  uniform  white  colour  feems 
to  be  one  of  the  moft  difficult  parts  of  the  procefs,  efpecially  when  the  operation 
takes  place  on  large  quantities.  There  is  lik.ewife  great  difficulty  in  dyeing  the 
whitened  filk,  foas  to  prevent  its  curling  ; it  ought  certainly  to  be  kept  conftantly 
ftretched  during  the  drying.  The  alcohol  that  has  been  impregnated  with  the 
colouring  part  muft  be  again  Separated  from  it,  fo  as  to  Serve  for  fubfequent 
operations,  otherwifethe  procefs  would  be  too  expensive  ; for  this  purpofe  it  is  to 
be  diddled  by  a gentle  heat,  in  a glalsor  Stone- ware  veSTel. 

It  appears  from  the  experiments  above  related,  that  the  marine  acid  is  ufeful 
in  this  procefs,  by  Softening  the  gum,  and  thus  affifting  the  alcohol  to  diffolve  the 
colouring  particles  combined  with  it. 

The  preparation  with  alum  muft  beconftdered  as  one  of  the  general  operations 
in  dyeing  Silk  ; for  without  aluming,  the  greateft  part  of  the  colours  applied  would 
pollefs  neither  beauty  nor  durability. 

The  preparation  with  alum  confifts  in  mixing  in  a tun  or  vat,  about  forty  or 
fifty  pails  of  water  with  forty  or  fifty  pounds  of  Roman  alum,  that  has  been  previ- 
ously diSSolved  in  warm  water  ; this  muft  be  carefully  Stirred  during  the  mixture, 
to  prevent  the  crystallization  of  the  alum. 

After  having  wafiied  and  bathed  the  Silk,  and  wrung  it  out  with  the  jack  and 
pin*,  in  order  to  Separate  any  Soap  it  may  have  retained,  it  is  immerfed  in  the 
alum  liquor,  where  it  is  left  for  eight  or  nine  hours  ; after  which  it  is  wrung  out 
by  hand  over  the  vat,  and  wafhed  in  a Stream  of  water. 

In  the  above  quantity  of  liquor  one  hundred  and  fifty  pounds-of  filk  may  be 
prepared,  without  the  addition  of  any  more  alum  ; but  when  it  begins  to  grow 
weak,  which  thofe  who  are  in  the  habit  of  employing  it  can  eafily  distinguish  by 
the  tafte,  twenty  or  twenty-five  pounds  of  diSSolved  alum  muft  be  added  as  before, 
and  this  addition  muft  be  repeated  until  the  liquor  acquires  a difagreeable  finell ; 
and  then  it  may  be  employed  in  the  preparation  of  Stuffs  intended  for  darker 
colours,  fuch  as  browns  and  marones,  till  it  has  loft  all  its  Strength. 

The  preparation  of  Silk  with  alum  is  always  made  in  the  cold,  becaufe  when 
the  liquor  is  employed  hot  the  luftre  of  the  Silk  is  liable  to  be  impaired. 

SILVER  is  the  whiteft  of  all  metals,  considerably  harder  than  gold,  very 
dudtile  and  malleable,  but  lefs  malleable  than  gold  ; for  the  continuity  of  its  parts 
begins  to  break  when  it  is  hammered  out  into  leaves  of  about  the  hundred  and 
Sixty  thouSandrh  of  an  inch  thick,  which  is  more  than  one  third  thicker  than  gold 
leaf : in  this  Slate  it  does  not  tranfmit  the  light.  Its  Specific  gravity  is  moderate, 
being  inferior  to  platina,  gold,  mercury,  and  lead.  It  ignites  before  melting,  and 
requires  a Strong  heat  to  fufe  it.  The  heat  of  common  furnaces  is  insufficient  to 
calcine  it  : but  the  heat  of  the  moft  powerful  burning  lenfes  vitrifies  a portion  of 
it,  and  caufes  it  to  emit  fumes  j which,  when  received  on  a plate  of  gold,  are  found 

* This  is  a contrivance  for  wringing  more  ftrongly  than  can  be  done  by  the  hands  alone  ; the  pin 
introduced  through  the  hank  at  one  end,  or  into  a twill  of  the  cloth,  is  fecured  in  a fixed  pofition,  while 
the  other  end  or  twill  is  fixed  to  the  hook  of  the  jack,  which  can  be  forcibly  turned  round  by  means  of 
awinch. connected  with  it.  When  this  degree  of  force  is  not  neceflary,  and  the  hands  only  are  employed 
in  the  operation,  it  is  called  wringing  out  by  hand. 
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to  be  filver  in  the  metallic  ftate.  It  has  likewife  been  partly  calcined  by  twenty 
fucceffive  expofures  to  the  heat  of  the  porcelain  furnace  at  Seves.  The  air  alters 
it  very  little  : though  it  is  difpofed  to  obtain  a thin  purple  or  black  coating  from 
the  fulphureous  vapours  which  are  emitted  from  animal  fubftances,  drains,  or 
putrefying  matters.  This  coating,  after  a long  feries  of  years,  has  been  obferved 
to  fcale  off  from  images  of  filver  expofed  in  churches ; and  was  found,  on  exami- 
nation, to  confift  of  filver  united  with  fulphur. 

Silver  is  foluble  in  the  vitriolic  acid  when  concentrated  and  boiling,  and  .the 
metal  in  a ftate  of  divifion.  The  marine  acid  fcarcely  ads  upon  it,  unlefs  dephlo- 
gifticated  : but  the  nitrous  acid  diffolves  it  with  great  rapidity,  and  with  a plen- 
tiful difengagement  of  nitrous  air;  which,  during  its  extrication,  gives  a blue  or 
green  colour  to  the  acid,  that  entirely  difappears  if  the  filver  made  ufe  of  be  pure  ; 
if  it  contain  copper,  the  folution  remains  greenifh  ; and  if  the  acid  contain  either 
vitriolic  of  marine  acid,  thefe  combine  with  a portion  of  the  filver,  and  form 
fcarcely  foluble  compounds,  which  fall  to  the  bottom.  If  the  filver  contain  gold, 
this  metal  feparates  in  blackifh  coloured  flocks.  The  nitrous  acid  diffolves  more 
than  half  its  weight  of  filver ; and  the  folution  is  very  cauftic,  that  is  to  fay,  itde- 
flroys  and  corrodes  animal  fubftances  very  powerfully.  This  adion  appears  to 
depend  on  the  ftrong  difpofition  of  the  filver  to  become  revived  ; by  which  it 
either  attrads  phlogifton  from  thofe  fubftances  according  to  the  ancient  theory, 
or  communicates  vital  air  to  them  according  to  the  new  theory : fo  that  the  animal 
fubftances  undergo  a procefs  equivalent  to  combuftion. 

The  folution  of  filver,  when  fully  faturated,  depofits  thin  cryftals  as  it  cools, 
and  alfo  by  evaporation.  Thefe  are  called  lunar  nitre,  or  nitre  of  filver.  A 
gentle  heat  is  fufficient  to  fufe  them,  and  drive  off  their  water  of  cryftallization. 
In  this  fituation  it  is  of  a black  colour,  may  be  caft  into  frnall  flicks  in  a mould, 
and  then  forms  the  lapis  infernalis,  or  lunar  cauftic,  ufed  in  furgery.  A ftronger 
heat  decompofes  lunar  nitre,  the  acid  flying  off,  and  the  filver  remaining  pure. 
It  is  obvious  that,  for  the  purpofe  of  forming  the  lunar  cauftic,  it  is  not  neceffary 
to  fuffer  the  fait  to  cryftallize,  but  that  it  may  be  made  by  evaporating  the  folution 
of  filver  at  once  to  drynefs ; and  as  foon  as  the  fait  is  fufed,  and  ceafes  to  boil, 
it  may  be  poured  out.  The  nitrous  acid  driven  off  from  lunar  nitre  is  decompofed, 
the  produds  being  vital  air  and  phlogifticated  air. 

Although  the  nitrou-s  acid  diffolves  filver  with  fuch  great  facility,  it  appears  to 
do  this  only  in  confequence  of  its  great  power  to  calcine  the  metal : for  the  vi- 
triolic and  marine  acids  have  a greater  attradion  for  the  calx.  They  accordingly 
take  it  from  that  acid,  and  form  falts ; which,  as  we  have  already  obferved,  fall  to 
the  bottom  on  account  of  their  difficult  folubility.  The  vitriol  of  filver,  which 
is  formed  by  pouring  vitriolic  acid  into- the  nitrous  folution  of  filver,  is  fparingly 
foluble  in  water  ; and  on  that  account  forms  cryftals,  which  are  fo  frnall  that  they 
compofe  a white  powder.  The  marine  acid  precipitates  from  nitrous  acid  the 
faline  compound  called  Inna  cornea,  or  horn  filver;  which  has  been  fo  cliftin- 
guifhed  becaufe,  when  melted  and  cooled,  it  forms  a femi-tranfparent  and  partly 
flexible  mafs,  refembling  horn.  It  is  fuppofed  that  a preparation  of  this  kind  has 
given  rife  to  the  accounts  of  malleable  glafs. 

If  any  fait  with  bife  of  alkali,  containing  the  marine  acid,  be  added  to  the 
nitrous  folution  of  filver,  the  fame  effed  takes  place  by  double  affinity;  the  alka- 
line bafe  uniting  with  the  nitrous  acid,  and  the  filver  falling  down  in  combination 
with  the  marine  acid. 

* Since  the  marine  acid  throws  down  only  filver,  lead,  and  mercury,  and  the  latter 
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of  thefe  two  is  not  prefcnt  in  filver  that  has  paffed  cupellation,  though  a fmall 
quantity  of  copper  may  elude  the  fcorification  in  that  procefs,  the  filver  which 
may  be  revived  from  Iuna  cornea  is  purer  than  can  readily  be  obtained  by  any 
other  means.  When  this  fait  is  expofed  to  a low  red  heat,  its  acid  is  not  ex- 
pelled ; and  a greater  heat  caufes  the  whole  concrete  either  to  rife  in  fumes,  or 
to  pafs  through  the  pores  of  the  veffel.  To  reduce  it,  therefore,  it  is  neceffary 
that  it  fhould  be  triturated  with  its  own  weight  of  fixed  alkali,  and  a little  water, 
and  the  whole  afterwards  expofed  to  heat  in  a crucible  whofe  bottom  is  covered 
with  mineral  alkali ; the  mafs  of  luna  cornea  being  likewife  covered  with  the 
fame  fubftance.  In  this  way  the  acid  will  be  feparated  from  the  filver,  which  is 
reduced  to  its  metallic  ftate. 

As  the  precipitate  of  luna  cornea  is  very  perceptible,  the  nitrous  folution  of 
filver  is  ufed  as  a tefb  of  the  prefence  of  marine  acid  in  waters ; for  a drop  of 
this  folution  poured  into  fuch  waters  will  caufe  a very  evident  cloudinefs.  The 
folution  of  filver  is  alfo  ufed  by  affayers  to  purify  the  nitrous  acid  from  any  ad- 
mixture of  marine  acid.  In  this  ftate  they  call  it  precipitated  aqua  fortis. 

The  precipitates  of  filver  which  are  formed  by  the  addition  of  alkalis  or  earths 
are  all  reducible  by  mere  heat,  without  the  addition  of  any  combuftible  fubftance. 
The  fulminating  combination  of  volatile  alkali  with  filver,  exhibits  one  of  the 
moft  aftonifhing  inftances  of  chemical  detonation  hitherto  known  *.  Pure  filver 
is  difiTolved  in  pale  nitrous  acid,  and  precipitated  by  the  addition  of  lime  water. 
This  calx  or  precipitate,  after  decantation  of  the  fluid,  is  to  be  dried  by  expofure 
to  the  air  for  three  days.  The  inventor  thinks  the  prefence  of  light  has  fome 
influence  in  the  fuccefs  of  the  experiment.  The  dried  calx  being  agitated  or 
flirred  in  a folution  of  cauflic  volatile  alkali,  affumes  the  form  of  a black  powder, 
from  which  the  fluid  is  to  be  decanted,  and  the  black  fubftance  left  to  dry  in  the 
air.  This  is  the  fulminating  filver. 

Gunpowder  and  fulminating  gold  are  not  to  be  compared  with  this  new  pro- 
dud  ; as  the  former  requires  ignition,  and  the  latter  a fenfible  degree  of  heat,  to 
caufe  them  to  fulminate.  But  the  flighted  agitation  or  fridion  is  fufficient  to 
caufe  the  fulminating  filver  to  explode.  When  it  is  once  obtained,  it  can  no 
more  be  touched.  The  falling  of  a few  atoms  of  this  preparation  from  a fmall 
height  produced  the  detonation ; a drop  of  water  falling  on  it  had  the  fame 
effed.  No  attempts  therefore  can  be  made  to  inclofe  it  in  a bottle  j but  it  mull 
remain  in  the  capfule  wherein,  by  evaporation,  it  obtained  this  terrible  pro- 
perty. 

To  make  this  experiment  with  fafety,  it  is  proper  to  ufe  no  greater  quantity 
than  a grain  of  filver  ; the  laft  deficcation  fhould  be  made  in  a metallic  veffel  j 
and  the  face  of  the  operator  Ihould  be  defended  by  a mafk,  with  holes  for  the 
eyes  defended  with  ftrong  glafs. 

The  volatile  alkali  made  ufe  of  in  converting  the  calx  of  filver  into  the  black 
precipitate,  was  expofed  to  ebullition  in  a fmall  matrafs  of  glafs  ; and  the  fluid 
being  then  buffered  to  cool,  the  infide  of  the  veffel  became  lined  with  fmall 
cryftals.  When  one  of  thefe  was  touched  beneath  the  cold  liquor,  an  explofion 
took  place,  which  broke  the  matrafs  in  pieces,  and  threw  the  liquid  up  to  the 
ceiling  of  the  laboratory. 

The  inventor’s  theory  of  thefe  effeds  is  the  fame  as  that  of  fulminating  gold. 
The  combination  confifts  of  volatile  alkali  and  calx  of  filver  j that  is  to  fay,  in 
* Difcovered  by  Berthollet.  See  the  Journal  de  Phyfique  for  June  1788,  p.  474. 
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the  new  theory,  of  inflammable  air,  phlogifticated  air,  filver,  and  vital  air. 
The  flighted  change  of  temperature  or  agitation  difpofes  the  inflammable  air  to 
combine  with  the  vital  air,  which  adheres  very  feebly  to  the  filver.  Thefe  form 
water,  while  the  phlogifticated  air  is  difengaged,  and  the  filver  reduced  to  the 
metallic  ftate.  The  explofion  depends  on  the  fudden  tranfition  of  the  phlogifti- 
cated  air  and  the  water  to  the  elaftic  ftate  by  heat:  but  the  change  of  capacity 
from  which  the  heat  arifes  has  not  yet  been  explained.  On  the  phlogiftic  theory, 
it  will  be  faid,  that  the  filver  is  revived  by  combining  with  the  inflammable  air, 
or  phlogifton  of  the  alkali ; while  the  phlogifticated  and  vital  air  fly  off  in  the 
explofion. 

Chemifts  have  long  been  acquainted  with  the  compound  acid  called  aqua  regia, 
from  its  adion  being  exerted  on  few  of  the  metals  except  gold.  But  the  difco- 
very  of  a compound  acid  ading  ftill  more  exclufively  upon  filver,  is  due  to  one 
of  our  contemporaries  Mr.  Keir.  The  effeds  of  aqua  regia  have  been  defcribed, 
confidered  and  explained  by  a great  variety  of  authors.  Thofe  of  Mr.  Keir’s 
compound  acid  are  confined  to  the  Philofophical  Tranfadions ; a work  which, 
though  its  circulation  extends  to  every  part  of  the  globe,  is  comparatively 
fpeaking  confined  to  few  hands.  For  this  reafon,  it  appears  proper  to  give  an 
ample  account  of  the  experiments  of  this  chemift. 

Mr.  Keir’s  paper  * confifts  of  two  parts : the  firft  (hews  the  effeds  >of  com- 
pounding the  vitriolic  aqd  nitrous  acids  in  diflolving  metals,  and  the  other  de- 
fcribing  lome  curious  appearances  which  occur  in  the  precipitation  of  filver, 
from  its  folution  in  nitrous  acid  by  iron,  and  by  fome  other  fubftances. 

PART  I.  Section  I. 

EffeEls  of  compounding  the  vitriolic  and  nitrous  Acids  upon  the  Diffolution  of  Metals^. 

No  two  fubftances,  fays  the  author,  are  more  frequently  in  the  hands  of  che- 
mifts and  artifts  than  vitriolic  acid  and  nitre  ; yet,  he  fays,  he  has  found  that  a 
mere  mixture  of  thefe,  when  much  concentrated,  poffefles  properties  which 
neither  the  vitriolic  nor  nitrous  acid,  of  the  fame  degree  of  concentration,  have 
fingly,  and  which  could  not  eafily  be  deduced  a priori,  by  reafoning  from  Our 
prefent  knowledge  of  the  theory  of  chemiftry. 

Having  found  by  fome  previous  trials,  that  a mixture  compofed  of  nitre, 
difl'olved  in  oil  of  vitriol,  was  capable  of  diflolving  filver  eafily  and  copioufly, 
while  it  did  not  affed  copper,  iron,  lead,  regulus  of  cobalt,  gold  and  platina; 
he  conceived  that  it  might  be  ufeful  in  fome  cafes  of  the  parting  of  filver  from 
copper,  and  the  other  metals  above  mentioned  j and  having  alfo  obferved,  that 
the  diflolving  powers  of  the  mixture  of  vitriolic  and  nitrous  acids  varied 
greatly  in  different  degrees  of  concentration  and  phlogiftication,  he  thought  an 
inveftigation  of  thefe  effeds  might  be  a fubjed  fit  for  philofophical  chemiftry, 
and  might  tend  to  illuftrate  the  theory  of  the  diffolution  of  metals  in  acids  : 
with  thefe  views  he  made  the  following  experiments : 

Experiment  I. 

Into  a long  necked  retort,  the  contents  of  which,  including  the  neck,  were 
1400  grain  meafures,  100  grain  meafuresof  oil  of  vitriol  were  put,  of  the  ufual 

* Philofophical  Tranfaftions,  1790.  Part  2. 

_ t To  prevent  any  confufion  of  terms,  Mr.  Keir  confines  the  word  folution  to  exprefs  the  fubftance 
difl'olved,  together  with  its  folvent,  and  the  word  diffolution  to  denote  the  aft  of  diflolving. 
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denfity  at  which  it  is  prepared  in  England,  i.  e.  whofe  fpecific  gravity  is  to  that 
of  water  as  1.844  t0  1>  and  100  grains  of  pure  and  clear  nitre,  which  was  then 
diflolved  in  the  acid  by  the  heat  of  a water  bath.  To  this  mixture  100  grains 
of  ftandard  filver  were  added;  the  retort  was  fet  in  a water  bath,  in  which  the 
water  was  made  to  boil,  and  a pneumatic  apparatus  was  applied  to  catch  any 
air  or  gas  which  might  be  extricated. 

The  filver  began  to  diffolve,  and  the  folution  became  of  a purple  or  violet 
colour.  No  air  was  thrown  into  the  inverted  jar,  excepting  a little  of  the  com- 
mon air  of  the  retort,  by  means  of  the  expanfion  which  it  fuffered  from  the 
heat  of  the  water-bath,  and  from  fome  nitrous  fumes  which  appeared  in  the 
retort,  and  which  having  afterwards  condenfed,  occafioned  the  water  to  rife 
along  the  neck  of  the  retort,  and  mix  with  the  folution.  The  remaining  filver 
was  then  feparated  and  weighed,  and  it  was  found  that  39  grains  had  been  dif- 
folved ; but  probably  more  would  have  been  diflolved,  if  the  operation  had  not 
been  interrupted  by  the  water  ruffling  into  the  retort. 

Experiment  II. 

In  the  fame  apparatus,  200  grains  of  ftandard  filver  were  added  to  a mixture 
of  100  grains  of  nitre,  previoufly  diflolved  in  200  grain  meafures  of  oil  of  vi-> 
triol  ; and  in  this  folvent  92  grains  of  the  fiver  were  diflolved,  without  any  pro- 
duction of  air  or  gas.  The  folution,  which  was  of  a violet  colour,  having  been 
poured  out  of  the  retort  while  warm  (for  with  fo  large  a proportion  of  nitre, 
fuch  mixtures,  efpecially  after  having  diflolved  filver,  are  apt  to  congeal  with 
fmall  degrees  of  cold),  in  order  to  feparate  the  undiflolved  filver  from  it,  and 
having  been  returned  into  the  retort  without  this  filver;  200  grains  of  water  were 
poured  into  the  retort,  upon  which  a ftrong  effervefcence  took  place  between  the 
folution  and  the  water,  and  3100  grain  meafures  of  nitrous  gas  were  thrown  into 
the  inverted  jar.  Upon  pouring  200  grains  more  of  water  into  the  retort,  600 
grain  meafures  of  the  fame  gas  were  expelled.  Further  additions  of  water 
yielded  no  more  gas;  neither  did  the  filver,  when  afterwards  added  to  this  di- 
luted foluiion,  give  any  fenfible  effervefcence,  or  fuffer  a greater  lofs  of  weight 
than  2 grains. 

Experiment  III. 

In  the  fame  apparatus,  100  grains  of  ftandard  filver  were  expofed  to  a mix- 
ture of  30  grains  of  nitre  diflolved  in  200  grain  meafures  of  oil  of  vitriol : and 
in  this  operation  80  grains  of  filver  wete  diflolved,  while  at  the  fame  time  4500 
grain  meafures  of  nitrous  gas  were  thrown  into  the  inverted  jar.  When  the  un- 
diffolved  filver  was  removed,  200  grains  of  water  were  added  to  the  folution, 
which  was  of.  a violet-colour,  and  upon  the  mixture  of  the  two  fluids  an  effer- 
vefcence happened  ; but  only  a few  bubbles  of  nitrous  gas  were  then  expelled. 

Experiment  IV. 

In  the  fame  apparatus  100  grains  of  ftandard  filver  were  expofed  to  a mixture 
of*20o  grain  meafures  of  oil  of  vitriol,  200  grains  of  nitre,  and  200  grains  of 
water ; and  in  this  operation  20  grains  of  the  filver  were  diflolved  without  any 
fenfible  emiflion  of  air  or  gas. 

Mr.  Keir  remarks  that  in  thefe  experiments  the  copper  contained  in  the 
ftandard  filver  gave  a reddifh  colour  to  the  "Mine  mafs  which  was  formed  in  the 
folution,  and  feemed  to  be  a calx  of  copper  interfperfed  through  the  fait  of 
2 filver. 
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filver.  This  was  all  the  difference  he  could  perceive  between  the  effedls  of  pure 
and  ftandard  filver  diffolved  in  this  acid. 

Tin  was  next  expofed  to  the  fame  mixture  of  oil  of  vitriol  and  nitre,  in  the 
fame  apparatus,  and  in  the  fame  circumftances,  care  being  always  taken  to  add 
more  metal  than  could  be  diffolved,  that  by  weighing  the  remainder,  the  quan- 
tity capable  of  being  diffolved  might  be  found,  as  had  been  done  with  the  expe- 
riments on  filver  : the  refults  were  as  follow  : 

Experiment  V. 

No  tin  was  diffolved  nor  calcined  by  the  mixture  in  the  proportion  of  200 
grain  meafures  of  oil  of  vitriol  to  200  grains  of  nitre,  nor  by  another  mixture 
in  the  proportion  of  200  grain  meafures  of  oil  of  vitriol  to  150  grains  of  nitre, 
and  confequently  no  gas  .was  produced  in  either  inflance. 

Experiment  VI. 

With  a mixture  in  the  proportion  of  200  grain  meafures  of  oil  of  vitriol  an^ 
100  grains  of  nitre,  the  tin  began  foon  to  be  adted  upon,  and  to  be  diffufed 
through  the  liquor;  but  no  extrication  of  gas  appeared  until  the  digeflion  had 
been  continued  two  hours  in  boiling  water ; and  then  it  took  place,  and  gave  a 
frothy  appearance  to  the  mixture,  which  was  of  an  opaque  white  colour,  from 
the  powder  of  tin  diffufed  among  it.  In  this  experiment  the  quantity  of  tin 
thus  calcined  was  73  grains,  and  the  quantity  of  nitrous  gas  extricated  during 
this  aftion  on  the  tin,  was  8500  grain  meafures.  Then,  upon  pouring  200 
grains  of  water  into  the  retort,  a frefh  effervefcence  took  place  between  the 
water  and  the  white  opaque  mafs,  and  4600  grain  meafures  of  nitrous  gas  were 
thrown  into  the  inverted  receiver. 

Experiment  VII. 

With  a mixture  in  the  proportion  of  100  grain  meafures  of  oil  of  vitriol  to 
30  grains  of  nitre,  30  grains  of  tin  were  diffolved  or  calcined,  and  the  nitrous 
gas,  which  began  to  be  extricated  much  fooner  than  in  the  lafl-mentioned  expe- 
riment, with  a larger  proportion  of  nitre,  amounted  to  6300  grain  meafures.. 
Water  added  to  this  foludon  of  tin  did  not  produce  any  effervefcence. 

Experiment  VIII. 

With  a mixture  in  the  proportion  of  200  grain  meafures  of  oil  of  vitriol,  200 
grains  of  nitre,  and  200  grains  of  water,  133  grains  of  tin  were  adted  on  with- 
an  effervefcence,  which  took  place  violently,  and  produced  6300  grain  meafures 
of  nitrous,  gas. 

The  feveral  mixtures  above  mentioned,  in  different  proportions  of  nitre  and 
oil  of  vitriol,  did  by  the  help  of  the  heat  of  a water- bath  calcine  mercury  into 
a white  or  grayifli  powder.  Nickel  was  alfo  partly  calcined  and  partly  diffolved 
by  thofe  mixtures.  It  was  not  perceived  that  any  other  metal  was  affected  by 
them,  excepting  that  the  furfaces  of  fome  o’f  them  were  tarnifhed. 

Thefe  mixtures  of  oil  of  vitriol  and  nitre,  the  author  obferves,  were  apt  to 
congeal,  by  cold,  thofe  efpecially  which  had  a large  proportion  of  nitre.  Thus, 
a mixture  of  1000  grain  meafures  of  oil  of  vitriol,  and  480  grains  of  nitre,  after 
having  kept  fluid  feveral  days  in  a phial  not  fo  accurately  flopped  as  to  prevent 
altogether  the  etc  ape  of  iome  white  fumes,  congealed  at  the  temperature  of  53° 
of  Fahrenheit’s  thermometer ; whereas  fome  of  the  fame  liquid  having  been 
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mixed  with  equal  parts  of  oil  of  vitriol,  did  not  congeal  with  a lefs  cold  than 
450.  The  congelation  is  promoted  by  expofure  to  air,  by  which  white  fumes 
rife,  and  moifture  may  be  abforbed,  or  by  any  other  mode  of  flight  dilution  with 
water. 

Dilution  of  this  compound  acid  with  more  or  lefs  water,  alters  confiderably 
its  properties,  with  regard  to  its  adtion  on  metals.  Thus,  in  its  concentrated 
ftate  it  does  not  adt  on  iron ; but  by  adding  water,  it  acquires  a power  of  adling 
on  that  metal,  and  with  different  effedt,  according  to  the  proportion  of  the  water 
added.  Thus,  by  adding  to  two  meafures  of  the  compound  acid,  one  meafure 
of  water,  the  liquor  is  rendered  capable  of  calcining  iron,  and  forming  with  it 
a white  powder,  but  without  effervefcence.  With  an  equal  meafure  of  water 
effervefcence  was  produced.  With  a larger  proportion  of  water  the  iron  gave 
alfo  a brown  colour  to  the  liquor,  fuch  as  phlogifticated  nitrous  acid  acquires 
from  iron,  or  communicates  to  a folution  of  martial  vitriol  in  water. 

Dilution  with  water  renders  this  compound  acid  capable  of  diflolving  copper, 
zinc,  and  probably  thofe  other  metals  which  are  fubjedt  to  the  adtion  of  the  di- 
lute vitriolic  or  nitrous  acids. 

Section  II. 

New  Procefs  for  feparating  Silver  from  Copper. 

The  properties  of  this  liquor  in  diflolving  fllver  eafily  without  adting  on  cop- 
per, have  rendered  it  capable  of  a very  ufeful  application  in  the  arts.  Among 
the  manufadtures  at  Birmingham,  that  of  making  veflels  of  fllver  plated  on 
copper  is  a very  confiderable  one.  On  cutting'  out  the  rolled  plated  metal  into 
pieces  of  the  required  form  and  fizes,  there  are  many  flireds,  or  fcraps  as  they 
are  called,  unfit  for  any  purpofe  but  the  recovery  of  the  metals  by  feparating 
them  from  each  other.  The  eafiefl  and  mod  oeconomical  method  of  parting 
thefe  two  metals,  fo  as  not  to  lofe  either  of  them,  is  an  objedt  of  fome  confe- 
quence  to  the  manufadturers.  For  this  purpofe,  two  modes  were  pradlifed  : one, 
by  melting  the  whole  of  the  mixed  metals  with  lead,  and  feparating  them  by 
eliquation  and  telling;  and  the  fecond,  by  diflolving  both  metals  in  oil  of 
vitriol,  with  the  help  of  heat,  and  by  feparating  the  vitriol  of  copper,  by  dif- 
folving  it  in  water,  from  the  vitriol  of  fllver,  which  is  afterwards  to  be  reduced 
and  purified.  In  the  firft  of  thefe  methods,  there  is  a confiderable  wafte  of  lead 
and  copper ; and  in  the  fecond,  the  quantity  of  vitriolic  acid  employed  is  very 
great,  as  much  more  is  diflipatedin  the  form  of  volatile  vitriolic  or  fulphureous 
acid  than  remains  in  the  compofition  of  the  two  vitriols. 

Some  years  ago,  the  author  communicated  to  an  artift  the  method  of  effecting 
the  feparation  of  fllver  and  copper,  by  means  of  the  above-mentioned  compound 
of  vitriolic  acid  and  nitre;  and  as  it  is  now  commonly  pradlifed  by  the  manufac- 
turers in  Birmingham,  he  thinks  it  is  much  more  oeconomical,  it  is  certainly 
much  more  eafily  executed,  than  any  of  the  other  methods:  for  nothing  more  is 
required  than  to  put  the  pieces  of  plated  metal  into  an  earthen  glazed  pan ; to 
pour  upon  them  fome  of  the  acid  liquor,  which  may  be  in  the  proportion  of 
eight  or  ten  pounds  of  oil  of  vitriol  to  one  pound  of  nitre;  to  ftir  them  about, 
that  the  furfaces  may  be  frequently  expofed  to  frefh  liquor,  and  to  aflifl;  the 
adlion  by  a gentle  heat  from  ico°  to  200*  of  Fahrenheit’s  fcale.  When  the 
liquor  is  nearly  faturated,  the  fllver  is  to  be  precipitated  from  it  by  common  fair, 
which  forms  a luna  cornea,  eafily  reducible  by  melting  it  in  a crucible  with  a fuf- 
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ficient  quantity  of  pot-afh  ; and,  laftly,  by  refining  the  melted  filver  if  neceffary, 
with  a little  nitre  thrown  upon  it.  In  this  manner  the  filver  will  be  obtained  fuf- 
ficiently  pure,  and  the  copper  will  remain  unchanged.  Otherwife,  the  filver  may 
be  precipitated  in  its  metallic  ftate,  by  adding  to  the  folution  of  filver  a few  of  the 
pieces  of  copper,  and  a fufficient  quantity  of  water  to  enable  the  liquor  to  ad 
upon  the  copper. 

The  property  which  this  acid  mixture  pofTeiTes  of  diffolving  filver  with  great 
facility,  and  in  confiderable  quantity,  will  probably  render  it  an  ufeful  menftru- 
um  in  the  feparation  of  filver  from  other  metals;  and  as  the  alchemifts  have  dif- 
tinguilhed  the  peculiar  folvent  of  gold  under  the  title  of  aqua  regis,  a name 
fufficiently  dillindive,  though  founded  on  a fanciful  allufion;  fo,  if  they  had 
been  acquainted  with  the  properties  of  this  compound,  they  would  probably 
have  bellowed  on  it  the  appellation  of  aqua  regins. 

Section  III. 

Change  of  Properties  communicated  to  the  Mixture  of  vitriolic  and  nitrous  Acids  ly 

Phlogifiication. 

The  above-defcribed  compound  acid  may  be  phlogillicated  in  different  me- 
thods, of  which  the  author  mentions  three. 

Firft.  By  digefting  the  compound  acid  with  fulphur,  by  means  of  the  .heat  of 
a water-bath  : the  liquor  diffolves  the  fulphur  with  effervefcence,  lofes  its  pro- 
perty of  yielding  white  fumes ; and  if  the  quantity  of  fulphur  be  fufficient,  and 
the  heat  applied  be  long  enough  continued,  it  exhibits  red  nitrous  vapours,  and 
affumes  a violet  colour. 

Secondly.  If  inftead  of  diffolving  nitre  in  concentrated  vitriolic  acid,  this  acid 
be  impregnated  with  nitrous  gas,  or  with  nitrous  vapour  ; by  making  this  gas  or 
vapour  pafs  into  the  acid,  this  compound  will  be  phlogillicated,  as  it  contains 
not  the  entire  nitrous  acid,  but  only  its  phlogillicated  part  or  element,  the  nitrous 
gas,  without  the  proportion  of  pure  air  neceffary  to  conftitute  an  acid.  This 
impregnation  of  oil  of  vitriol  with  nitrous  gas,  or  nitrous  vapour,  was  firft  de- 
fcribed,  and  fome  of  the  properties  of  the  impregnated  liquor  noticed,  by 
Dr.  Prieftley*. 

Thirdly.  By  fubllituting  nitrous  ammoniac  inftead  of  nitre  in  the  mixture 
with  oil  of  vitriol. 

The  compound  prepared  by  any  of  thefe  methods,  but  efpecially  by  the  firft 
and  fecond,  differs  confiderably  in  its  properties  with  regard  to  its  action  on  me- 
tals, from  the  acid  defcribed  in  the  firft  fedion.  It  has  been  obferved  that  the 
latter  compound  has 'little  adion  on  any  metals,  but  filver,  tin,  mercury,  and 
nickel.  On  the  other  hand,  the  phlogillicated  compound  not  only  ads  on  thefe, 
but  alfoon  feveral  others.  It  forms  with  iron  a beautiful  rofe-colouied  folution, 
without  application  of  any  artificial  heat;  and  in  time  a rofe- coloured  faline 
precipitate  is  depofited,  which  is  foluble  in  water,  with  a confiderable  effer- 
vefceuce.  It  diffolves  copper,  and  acquires  from  this  metal,  and  alfo  from 
regulus  of  cobalt,  zinc,  and  lead,  pretty  deep  violet  tinges.  Bifmuth,  and 
regulus  of  antimony,  were  alfo  attacked  by  this  phlogillicated  acid. 

To  afcertain  more  exadly  the  effeds  of  this  phlogillicated  acid  on  fome 
metals,  the  author  made  the  following  experiments,  with  a liquor  prepared  by 
making  nitrous  gas  pafs  through  oil  of  vitriol  dpring  a confiderable  time. 

* See  Experiments  and  Obfervations  on  Air,  vol.  iii.  p.  129  and  217. 

Expe- 


S I L 


S I L 


( 832  ) 

Experiment  I. 

To  200  grain  meafures  of  the  oil  of  vitriol,  impregnated  with  nitrous  gas, 
put  into  a retort  with  a long  neck,  the  capacity  of  which,  including  the  neck, 
was  1150  grain  meafures,  144 ^grains  of  ftandard  lilver  were  added,  and  the 
mouth  of  the  retort  was  immerfed  in  water,  under  an  inverted  jar  filled  with 
water,  to  catch  the  gas  which  might  be  extricated. 

The  acid  began  to  diffolve  the  filver  with  effervefcence,  without  application  of 
heat;  the  folution  became  of  a violet  colour,  and  the  quantity  of  nitrous  gas 
received  in  the  inverted  jar  was  14700  grain  meafures.  Upon  weighing  the 
filver  remaining,  the  quantity  which  had  been  diffolved  was  found  to  be  70 
grains.  When  water  was  added  to  the  folution,  an  effervefcence  appeared,  but 
only  a very  final!  quantity  of  gas  was  extricated.  By  means  of  the  water,  a 
white  faline  powder  of  filver,  foluble  in  a larger  quantity  of  water,  was  precipi- 
tated from  the  folution.  The  folution  of  filver,  when  Saturated  and  undiluted, 
congeals  readily  in  cool  temperatures,  and,  when  diluted  to  a certain  degree 
with  water,  gives  foliated  .cryftals. 

Experiment  II. 

In  the  fame  apparatus,  and  in  the  fame  manner,  ieo  grain  meafures  of  this 
impregnated  oil  of  vitriol  were  applied  to  iron.  An  effervefcence  appeared 
without  application  of  heat,  the  furface  of  the  iron  acquired  a beautiful  rofe- 
colour,  or  rednefs  mixed  with  purple : and  this  colour  gradually  pervaded  the 
whole  liquor,  but  difappeared  on  keeping  the  retort  fome  time  in  hot  water. 
Notwithftanding  a confiderable  apparent  effervefcence,  the  quantity  of  air 
expelled  into  the  inverted  jar  was  only  400  grain  meafures,  of  which  one 
quarter  was  nitrous,  and  the  reft  phlogifticated.  The  folution  was  then  poured 
out  of  the  retort,  and  the  iron  was  found  to  have  loft  only  two  grains  in  weight. 
The  folution  was  returned  into  the  retort  without  the  iron,  and  200  grains  of 
water  were  added  to  it ; upon  which  a white  powder  was  immediately  precipi- 
tated, which  re-diffolved  with  great  effervefcence.  When  2000  grain  meafures 
of  nitrous  gas  ,had  been  expelled  into  the  inverted  jar,  without  application  of 
heat,  the  retort  was  placed  in  the  water-bath,  the  heat  of  which  rendered  the 
effervefcence  fo  ftrong,  that  the  liquor  boiled  over  the  neck  of  the  retort,  fo  that 
the  quantity  of  gas  extricated  could  not  be  afcertained. 

Experiment  III. 

In  the  fame  manner,  11  grains  of  copper  were  diffolved  in  100  grain  meafures 
of  impregnated  oil  of  vitriol.  The  folution  was  of  a deep  violet  colour,  and 
at  laft  was  turbid.  The  quantity  of  nitrous  gas  expelled  into  the  inverted  jar, 
during  the  operation,  was  4700  grain  meafures.  When  the  copper  was  removed, 
and  200  grams  of  water  were  added  to  the  folution,  an  effervefcence  took  place, 
1700  grain  meafures  of  nitrous  gas  were  expelled,  and  the  folution  then  acquired 
a blue  colour. 

Experiment  IV. 

With  the  fame  quantity  of  impregnated  oil  of  vitriol,  tin  was  reduced  in 
weight  16  grains:  the  liquor  acquired  a violet  colour,  became  turbid  by  the  fuf- 
penfion  of  the  calx  of  tin,  and  4100  grain  meafures  of  nitrdus  gas  were  extri- 
cated without -heat,  and  490.0  with-heat. 
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Experiment  V. 

Mercury  treated  in  the  fame  manner  formed  a thick  turbid  liquor,  which  was 
rendered  clear  by  adding  unimpregnated  oil  of  vitriol.  The  liquor  foon  after- 
wards acquired  a purple  colour,  the  mercury  funk  to  the  bottom,  in  the  form  of 
a white  powder ; and  the  purple  liquor,  when  a folution  of  common  fait  in  water 
was  added  to  it,  (hewed  no  figns  of  containing  mercury  in  a diffolved  flare. 

The  nitrous  gas  with  which  the  oil  of  vitriol  is  impregnated  fhews  no  difpo- 
fition  to  quit  the  acid  by  expofure  to  air ; but  on  adding  water(,  the  gas  is  expelled 
fuddenly  with  great  effervefcence,  and  with  red  fumes.  Thus, 

Experiment  VI. 

Upon  adding  240  grains  of  water  to  60  grain  meafures  of  impregnated  oil 
of  vitriol,  2,300  grains  of  nitrous  gas  were  thrown  into  the  receiver;  but  as 
the  a&ion  of  the  two  liquors  is  inftantaneous,  the  quantity  of  gas  expelled  from 
the  retort  before  its  neck  could  be  immerfed  in  water  and  placed  under  the  re- 
ceiver, muft  have  been  confiderable.  The  whole  of  the  gas,  however,  was 
not  extricated  by  means  of  the  water  ; for  the  remaining  liquor  diffolved  five 
grains  of  copper,  while  800  meafures  of  nitrous  gas  were  thrown  into  the  re- 
tort. 

From  the  preceding  experiments  Mr.  Keir  deduces  the  following  fads: 

1.  That  a mixture  of  the  vitriolic  and  nitrous  acids  in  a concentrated  flate, 
has  a peculiar  faculty  of  diffolving  filver  copioufly. 

2.  That  it  ads  upon,  and  principally  calcines  tin,  mercury,  and  nickel  (the 
latter  of  which,  however,  it  diffolves  in  fmall  quantity),  and  that  it  has  little  or 
no  adion  on  other  metals. 

3.  That,  the  quantity  of  gas  produced  while  the  metal  is  diffolving  is  greater, 
relatively  to  the  quantity  of  metal  diffolved,  when  the  proportion  of  nitre  to  the 
vitriolic  acid  is  fmall,  than  when  it  is  large;  and  that  when  the  metals  are  dif- 
folved by  mixtures  containing  much  nitre,  and  with  a fmall  production  of  gas, 
the  folution  itfelf,  or  the  metallic  fait  formed  in  it,  yields  abundance  of  gas  when 
mixed  with  water. 

4.  That  dilution  with  water  renders  the  concentrated  mixture  lefs  capable  of 
diffolving  filver,  but  more  capable  of  ading  on  other  metals. 

5.  That  this  mixture  of  highly  concentrated  vitriolic  and  nitrous  acids  ac- 
quires a purple  or  violet  colour  when  phlogifticated,  either  by  addition  of  in-  - 
flammable  fubftances,  or  fulphur,  or  by  its  adion  on  metals,  or  by  very  flrong 
impregnation  of  oil  of  vitriol  with  nitrous  gas 

6.  That  this  phlogifligation  was  found  10  communicate  to  the  mixture  the 
power  of  diffolving,  though  in  fmall  quantities,  copper,  iron,  zinc,  and  regu- 
lus  of  cobalt. 

7.  That  water  expels  from  a highly  phlogifticated  mixture  of  concentrated 
vitriolic  and  nitrous  acids,  or  of  oil  of  vitriol  impregnated  with  nitrous  gas,  a 
great  part  of  its  contained  gas,  and  that  therefore  this  gas  is  not  capable  of 
being  retained  in  fuch  quantity  by  dilute  as  by  concentrated  acids.  Water 
unites  with  the  mixture  of  oil  of  vitriol  and  nitre,  without  any  confiderable 
effervefcence. 

* Mr.  Kcir  obferves,  that  Dr.  Prieftley  has  noticed  this  colour  communicated  to  oil  of  vitriol  by 
impregnation  with  nitrous  gas  or  vapour,  and  alfo  the  effervefcence  produced  by  adding  water.  Sec 
Experiments  and  Obfervations,  vol.  iii.  p.  129  and  217. 

5 O To 


S I L 


( 834  ) 


S I L 


To  thefe  obfervations  the  author  fubjoins  another  fad,  viz.  that  when  to  the 
mixture' of  oil  of  vitriol  with  nitre  a faturated  folution  of  common  fait  in  water 
is  added,  a powerful  aqua  regis  is  produced,  capable  of  diflolving  gold  and  pla- 
tina  ; and  this  aqua  regis,  though  compofed  of  liquors  perfectly  colourlefs,  and 
free  from  all  metallic  matter,  acquires  at  once  a bright  and  deep  yellow  co- 
lour. The  addition  of  dry  common  fait  to  the  concentrated  mixtures  of  vitri- 
olic and  nitrous  acids  produces  an  effervefcence,  but  not  the  yellow  colour;  for 
the  production  of  which,  therefore,  a certain  proportion  of  water  feems  to  be 
necelfary. 

PART  II. 

On  the  Precipitation  of  Silver  from  Nitrous  Acid  by  Iron. 

Mr.  Keir  introduces  his  account  of  the  experiments  which  are  the  fubjeCt  of 
this  part  of  his  paper,  by  remarking,  that  Bergman  * relates,  that  upon  add- 
ing iron  to  a folution  of  filver  in  nitrous  acid  no  precipitation  enfued,  although 
the  affinity  of  iron  to  acids  in  general  is  known  to  be  much  ftronger  than  that  of 
filver;  and  although  even  with  regard  to  the  nitrous  acid,  other  experiments 
evince  the  fuperior  affinity  of  iron  : for  as  iron  precipitates  copper  from  this 
acid,  and  as  copper  precipitates  filver,  we  muft  infer,  he  obferves,  the  greater 
affinity  of  iron  than  that  of  filver.  In  the  courfe  of  Bergman’s  experiments, 
however,  fome  inftances  of  precipitation  occurred,  which  he  attributed  to  the 
peculiar  quality  of  the  irons  thus  employed.  With  a view  to  difcover  the  cir- 
cumftances,  and  to  inveftigate  the  caufe  of  this  irregularity  and  exception  to  the 
general  received  laws  of  affinity,  Mr.  Keir  made  the  following  experiments  : 

Experiment  I. 

A piece  of  fine  filver  was  digefted  in  pure  and  pale  nitrons  acid;  and 
while  the  difiolution  was  going  on,  and  before  the  faturation  was  completed,  a 
portion  of  the  folution  was  poured  upon  pieces  of  clean  and  newly-fcraped  iron 
wire  into  a wine  glafs,  and  a hidden  and  copious  precipitation  of  filver  enfued. 
The  precipitate  was  at  firft  black,  then  it  affirmed  the  appearance  of  filver,  and 
was  five  or  fix  times  larger  in  diameter  than  the  piece  of  iron  wire  which  it  en- 
veloped. The  action  of  the  acid  on  the  iron  continued  fome  little  time,  and 
then  it  ceafed  ; the  filver  re-diffolved,  the  liquor  became  clear,  and  the  iron  re- 
mained bright  and  undifturbed  in  the  folution  at  the  bottom  of  the  wine  glafs, 
where  it  continued  during  feveral  weeks,  without  fuifering  any  change,  or  ef- 
fecting any  precipitation  of  the  filver. 

Experiment  II. 

When  the  folution  of  filver  was  completely  faturated,  it  was  no  longer  af- 
fected by  iron,  according  to  Bergman’s  obfervation. 

Experiment  III.  . 

Mr.  Keir  having  found  that  the  folution  afted  on  the  iron,  and  was  thereby 
precipitated  before  it  had  been  faturated,  and  not  afterwards,  was  defirous  of 
knowing  whether  the  faturation  was  the  circurnftance  which  prevented  the  ac- 
tion and  precipitation.  For  this  purpofe  he  added  to  a portion  of  the  faturated 
folution  fome  of  the  fame  nitrous  acid,  of  which  a part  had  been  employed  to 
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diffolve  the  filver ; and  into  this  mixture,  abounding  with  a fuperfluous  acid,  he 
threw  a piece  of  iron,  but  no  precipitation  occurred.  It  was  thence  evident, 
that  the  faturation  of  the  acid  was  not  the  only  circumftance  which  prevented 
the  precipitation. 

Experiment  IV. 

To  another  portion  of  the  faturated  folution  of  filver,  forne  red  fmoking  ni- 
trous acid  was  added  ; and  upon  trial,  it  was  found,  that  iron  precipitated  the 
filver  from  this  mixture,  and  that  the  fame  appearances  were  exhibited  which 
had  been  obferved  with  the  folution  previoufly  to  its  faturation. 

Experiment  V. 

The  fame  effects  were  produced  when  vitriolic  acid  was  added  to  the  faturated 
folution  of  filver,  and  iron  afterwards  applied. 

Experiment  VI. 

To  fome  of  the  fame  nitrous  acid,  of  which  a part  had  been  employed  to 
diffolve  the  filver,  a piece  of  iron  was  added  ; and  while  the  iron  was  diffolving, 
fome  of  the  faturated  folution  of  filver  was  poured  into  the  liquor  ; upon  which 
a precipitation  of  filver  took  place  indantly ; although  when  the  fame  acid  had 
been  previoufly  mixed  wfith  the  folution  of  filver,  and  the  iron  was  then  added 
to  the  mixture,  no  precipitation  had  enfued. 

Experiment  VII. 

The  quantity  of  vitriolic  acid,  or  of  the  red  fuming  nitrous  acid,  neceffary 
to  communicate  to  the  faturated  folution  of  filver  the  property  of  being  ailed 
on  by  iron,  varies  according  to  the  concentration,  and  to  the  degree  of  phlo- 
gidication  of  the  acid  added  j fo  that  a lefs  quantity  than  is  fufficient  does  not 
produce  any  apparent  effedl.  Neverthelefs,  when  the  folution  of  filver  is  by 
addition  of  thefe  acids  brought  nearly  to  a precipitable  date,  the  addition  of  fpirit 
of  wine  will,  in  a little  time,  render  it  capable  of  . ailing  on  iron. 

It  appears  then,  that  a folution  of  filver  is  not  precipitated  by  iron  in  cold, 
unlefs  it  have  a fuperabundance  of  phlogifticated  acid. 

Experiment  VIII. 

Heat  affeils  the  ailion  of  a folution  of  filver  on  iron;  for  if  iron  be  digeded 
with  heat  in  a perfectly  faturated  folution  of  filver,  fuch  as  a folution  of  cryf- 
tals  of  nitre  of  filver  in  water,  the  filver  will  be  depofited  in  its  bright  metallic 
date  on  different  parts  of  the  iron,  and  the  iron  which  has  been  adled  on  by  the 
folution,  appears  in  form  of'  a yellow  ochre. 

Experiment  IX. 

Bergman  relates,  that  he  hasfometimes  obferved  beautiful  crydallizations  or 
vegetations  of  metallic  filver  formed  on  pieces  of  iron  immerfed  long  in  a folu- 
tion of  filver.  Mr.  Keir  obferves,  he  has  found  that  no  time  is  able  to  effedt 
this  depofition,  unlefs  the  folution  be  in  a date  nearly  fuffic-iently  phlogidicated  to 
admit  of  a precipitation  by  iron,  but  not  completely  phlogidicated  enough  to 
effedl  that  purpofe  immediately. 

Experiment  X. 

Dilution  with  a great  deal  of  water  feemed  to  difpofe  the  dilutions  of  filver  to 
be  precipitated  by  iron  more  eafily.  A folution  of  filver,  which  did  not  adt  on 
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iron,  upon  being  very  much  diluted,  and  having  a piece  of  iron  immerfed  in  it, 
during  feyeral  hours,  gave  a precipitate  of  fiber  in  the  form  of  a black,  powder. 

Section  II. 

On  the  Alterations  which  Iron  on  its  Surf  ace  undergoes  by  the  Action  of  a Solution  of 
Silver  in  INitrous  Acid , or  of  a pure  concentrated  Nitrous  Acid. 

It  has  been  faid,  that  when  iron  is  expofed  to  the  action  of  a phlogiflicated 
folution  of  fiber,  it  inftantly  precipitates  the  fiber,  is  itfelf  aded  upon  or  dif- 
folved  by  the  acid  folution,  during  a certain  time,  longer  or  (hotter,  according 
to  the  degree  of  phlogillication,  quantity  of  fuperabundant  acid,  and  other  cir- 
cumftances ; and  that  at  length  the  folution  of  the  iron  ceafes ; the  fiber  preci- 
pitate is  re- d iffolved,  if  there  is  fuperfluous  acid  ; the  liquor  becomes  clear  again, 
but  only  rendered  a little  browner  by  its  having  diffolved  fome  iron  ; while  the 
piece  of  iron  remains  bright  and  undifturbed  at  the  bottom  of  the  liquor,  where 
it  is  no  longer  able  to  affed  the  folution  of  fiber. 

Experiment  I. 

A part  of  the  phlogiflicated  folution  of  fiber  which  had  palled  through  thefe 
changes,  and  which  had  ceafed  to  ad  upon  the  piece  of  iron,  was  poured  into 
another  glafs,  and  another  piece  of  frefh  iron  wire  was  dropped  into  the  liquor, 
upon  which  a precipitation  of  the  fiber  enfued,  a folution  of  part  of  the  iron, 
a re  difl'olution  of  the  precipitated  fiber,  and  a ceffation  of  all  thofe  phenomena, 
with  the  iron  remaining  bright  and  quiet,  at  the  bottom  of  the  liquor,  as  before. 
It  appeared  then,  that  the  liquor  had  not  loft  its  power  of  ading  on  frefh  iron, 
although  it  ceafed  to  ad  on  that  piece  which  had  been  expofed  to  it. 

Experiment  II. 

To  one  of  the  pieces  of  iron  which  had  been  employed  in  the  precipitation  of 
a folution  of  fiber,  and  from  which  the  folution  no  longer  capable  of  ading 
Upon  it  had  been  poured  off,  fome  phlogiflicated  folution  of  fiber  was  added, 
which  had  never  been  expofed  to  the  adion  of  iron,  but  no  precipitation  hap- 
pened. 

It  appeared  then,  that  the  iron  itfelf,  by  having  been  once  employed  to  preci- 
pitate a folution  of  fiber,  was  rendered  incapable  of  any  further  adion  on  any 
folution  of  fiber.  And  it  is  to  be  obferved,  that  this  alteration  was  produced 
without  the  leaft  diminution  of  its  metallic  fplendour,  or  change  of  colour.  The 
alteration,  however,  was  only  fuperficial,  as  may  be  fuppofed ; for,  by  fcraping 
off  its  altered  coat,  it  was  again  rendered  capable  of  acting  on  a folution  of  fil- 
ler. Mr.  Keir  calls  iron  thus  affeded  altered  iron ; and  iron  which  is  clean, 
and  has  not  been  altered,  frelh  iron. 

Experiment  III. 

To  a phlogiflicated  folution  of  fiber,  in  which  a piece  of  bright  altered  iron 
lay,  without  adion,  a piece  of  frefh  iron  was  added,  which  was  inftantly  enve- 
loped with  a mafs  of  precipitated  fiber,  and  aded  on  as  ufual ; but  what  is  very 
remarkable,  in  about  a quarter  of  a minute  or  lefs  the  altered  iron  fuddenly 
was  covered  with  another  "coat  of  precipitated  fiber,  and  was  now  aded  on  by 
the  acid  folution  like  the  frefh  piece.  In  a little  time  the  fiber  precipitate  was 
re-diffolved,  as  ufual,  and  the  two  pieces  of  iron  were  reduced  to  an  altered 
Hate.  When  a frefh  piece  of  iron  was  then  held  in  the  liquor,  fo  as  not  to  touch 
the  two  pieces  of  altered  iron,  they  were  neverthelefs  foon  aded  upon  by  the 
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acid  folution,  and  fuddenly  covered  with  filver  precipitate  as  before  ; and  thefe 
phenomena  may  be  repeated  with  the  fame  folution  of  filver,  till  the  fuperfluous 
acid  of  the  folution  becomes  faturated  by  the  iron,  and  then  the  re-diffolution  of 
the  precipitated  filver  mud  ceafe. 

Experiment  IV. 

Some  dephlogifticated  nitrous  acid  was  poured  on  a piece  of  altered  iron, 
without  any  aftion  enfuing,  although  this  acid  readily  ailed  on  frefh  iron  j and 
when  to  the  dephlogifticated  nitrous  acid,  with  a piece  of  altered  iron  lying  im- 
merfed  in  it,  a piece  of  frefh  iron  was  added,  this  immediately  began  to  dill'olve, 
and  foon  afterwards  the  altered  iron  was  ailed  on  alfo  by  the  acid. 

Experiment  V. 

Upon  a piece  of  altered  iron  a folution  of  copper  in  nitrous  acid  was  poured; 
but  the  copper  was  not  precipitated  by  the  iron;  neither  did  this  iron  precipitate 
copper  from  a folution  of  blue  vitriol. 

Experiment  VI. 

Altered  iron  was  ailed  on  by  a dilute  phlogifticated  nitrous  acid  ; but  not  by 
a red  concentrated  acid,  which  is  known  to  be  highly  phlogifticated.  * 

Experiment  VII. 

Some  pieces  of  clean  frefh  iron  wire  were  put  into  a concentrated  and  red 
fuming  nitrous  acid.  No  apparent  ailion  enfued  ; but  the  iron  was  found  to  be 
altered,  in  the  fame  manner  as  it  is  by  a folution  of  filver,  i.  e.  it  was  rendered 
incapable  of  being  attacked  either  by  a phlogifticated  folution  of  filver,  or  by 
dephlogifticatesd  nitrous  acid. 

Experiment  VIII. 

Iron  was  alfo  altered  by  being  immerfed  fome  little  time  in  a faturated  folu- 
tion of  fiver,  which  did  not  ihew  any  vifible  adlion  on  it. 

The  alteration  thus  produced  on  the  iron  is  very  fuperficial.  The  leaft  rub- 
bing expofes  fome  of  the  frefli  iron  beneath  the  furface,  and  thus  fubjedls  it  to 
the  adlion  of  the  acid. 

It  is  therefore  with  difficulty  that  thefe  pieces  of  altered  iron  can  be  dried, 
without  lofng  their  peculiar  property.  For  this  reafon  Mr.  Keir  generally 
transferred  them  out  of  the  folution  of  fiver,  or  concentrated  nitrous  acid,  into 
any  other  liquor,  the  effects  of  which  he  wanted  to  examine.  Or  they  may  be 
transferred  fiift  into  a glafs  ef  water,  and  thence  into  the  liquor  to  be  examined. 
But  it  is  to  be  obferved,  that  if  they  are  allowed  to  remain  long  in  the  water, 
they  lofe  their  peculiar  property  or  alteration.  They  may  be  preferved  in  their 
altered  ftate,  by  being  kept  in  fpirit  of  fal  ammoniac. 

Experiment  IX. 

To  a faturated  folution  of  copper  in  nitrous  acid  (which  was  capable  of  being 
readily  precipitated  by  frefli  iron)  fome  faturated  folution  of  filver  was  added. 
From  this  mixture,  a piece  of  fre{h  iron  neither  precipitated  filver  nor  copper  : 
nor  did  the  addition  of  fome  dephlogifticated  nitrous  acid  effedt  this  precipitation* 
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Experiment 


X. 


A folution  of  copper,  formed  by  precipitating  filver  from  nitrous  acid,  by 
means  of 'copper,  was  very  relu&antly  and  ilowly  precipitated  by  a piece  of 
.frefli  iron  ; and  the  iron  thus  acted  on  by  the  acid  was  changed  to  an  ochre. 


Experiment  XI. 

A faturated  folution  of  filver  having  been  partly  precipitated  by  copper,  ac- 
quired the  propei  ty  of  adting  upon  frefli  iron,  and  of  being  thereby  precipi- 
tated. 

Experiment  XII. 

Frefli  iron  immerfed  fome  time  in  folutions  of  nitre  of  lead,  or  of  nitre  of 
mercury  in  water,  did  not  occafion  any  precipitation  of  the  diffolved  metals ; but 
acquired  an  altered  quality.  Thefe  metals  taken  in  this  refpedt  refemble  fllver. 

Experiment  XIII. 

It  is  well  known  that  a folution  of  martial  vitriol,  added  to  a folution  of  gold 
in  aqua  regis,  precipitates  the  gold  in  its  metallic  Hate.  Mr.  Keir  remarks,  he 
does  not  recoiled!  that  the  precipitation  of  a lolution  of  filver,  by  the  fame 
martial  vitriol,  has  been  obferved.  However,  upon  pouring  a folution  of  mar- 
tial vitriol  into  a folution  of  filver,  in  the  nitrous  acid,  a precipitate  will  be 
thrown,  down,  which  acquires  in  a few  minutes  more  and  more  of  a metallic 
appearance,  and  is  indeed  perfedt  filver.  When  the  two  folutions  are  pretty 
well  concentrated,  a bright  argentine  film  fwims  on  the  furface  of  the  mix- 
ture, or  filvers  the  fides  of  the  glafs  in  which  the  experiment  is  made.  When  a 
phlogifticated  folution  of  filver  is  ufed,  the  mixture  is  blackened,  as  happens 
generally  to  a folution  of  martial  vitriol,  when  a phlogifticated  nitrous  acid  is 
added  to  it. 

Experiment  XIV. 

f 

Equal  parts  pf  water  were  added  to-  a mixture  of  phlogifticated  folution  of 
filver,  and  a folution  of  martial  vitriol,  in  which  all  the  filver  had  been  preci- 
pitated, and  the  dilute  mixture  was  digefted  with  heat;  by  which  means  moft 
of  the  precipitated  filver  was  re-diflblved.  Bergman  has  obferved  a fimilar  re- 
diflolution  of  gold,  precipitated  by  martial  vitriol,  upon  boiling  the  mixture  ; 
but  he  attributes  the  re-diffolution  to  the  concentration  of  the  aqua  regis  by  the 
evaporation.  As  this  explanation  did  not  accord  with  Mr.  Keir’s  notions,  he 
diluted  the  mixture  with  water,  and  found  that  the  fame  re-diflolution  occurred 
both  with  the  folution  of  filver  and  with  that  of  gold.  But  he  did  not  find 
that  the  re-diflolution  ever  took  place  with  either  of  the  metals,  unlefs  there 
had  been  a fuperabundant  acid  in  the  folutions  of  gold  and  filver  employed. 

Experiment  XV. 

Mercury  is  alfo  precipitated  in  its  metallic  ftate,  from  its  folution  in  nitrous 
acid,  by  a folution  of  martial  vitriol.  When  the  liquor  is  poured  off  from  the 
precipitate,  this  may  be  changed  into  running  mercury,  by  being  dried  near 
the  fire. 

Experiment  XVI. 

Mr.  Keir  found  alfo,  that  filver  may  be  precipitated  in  its  metallic  ftate, 
from  its  folution  in  vitriolic  acid,  by  addition  of  a foludon  of  martial  vitriol. 

A vitriol 
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A vitriol  of  mercury  may  alfo  be  decompounded  by  a folution  of  martial  vi- 
triol ; and  the  mercurial  precipitate,  which  is  a black  powder,  forms  globules, 
when  dried  and  warmed. 

Experiment  XVII. 


Luna  cornea  is  not  decompounded  by  martial  vitriol;  confequently  there  is 
an  operation  of  a double  affinity.  Neverthelefs,  this  luna  cornea  may  be  decom- 
pounded by  the  elements  of  martial  vitriol,  while  they  are  in  the  a of  diffolti- 
tion  ; that  is,  the  filver  may  be  precipitated  in  its  metallic  (late,  by  digefting 
luna  cornea  with  a dilute  vitriolic  acid,  to  which  fome  pieces  of  iron  are  added. 
And  it  is  to  be  obferved,  that  the  reduction  of  the  filver  and  precipitation  take 
place  while  the  acid  is  yet  unfaturated.  Marine  acid  and  iron  applied  to  luna 
cornea  effecft  the  fame  reduction  of  the  filver  to  a metallic  ftate,  even  when 
there  is  more  acid  than  is  fufficient  for  both  metals 

Sulphur  combines  readily  with  filver  in  the  dry  way ; but  may  be  feparated' 
by  a ftronger  heat.  The  fulphur  of  liver  of  fulphur  likewife  Slackens  filver,. 
and  combines  with  it,  whether  the  filver  be  immerfed  in  the  liquid  folution,  or 
expofed  to  hepatic  air. 

Aqua  regia  atfts  ftrongly  on  filver  ; but  precipitates  it  in  the  form  of  luna  cor- 
nea as  fall  as  it  is  diffolved.  This  eftetd  may  be  eafily  underftood  by  confidering 
that  the  nitrous  acid  diflolves  the  filver,  and  the  marine  precipitates  it. 

The  neutral  falts  alone  do  not  alter  filver  either  in  the  moift  or  dry  way  ; ni* 
tre,  in  particular,  does  not  deflagrate  with  this  metal. 

Moft  metallic  fubftances  precipitate  filver  in  the  metallic  ftate  from  its  folu- 
tion. The  aflayers  make  ufe  of  copper  to  feparate  the  filver  from  the  nitrous 
acid  ufed  in  the  procefs  of  parting.  The  precipitation  of  ffilver  by  mercury  is 
very  flow,  and  produces  a peculiar  fym metrical  arrangement,  called  the  tree  of 
Diana.  In  this,  as  in  all  precipitations,  the  peculiar  form  may  be  affe&ed  by  a. 
variety  of  concomitant  circumftances ; for  which  reafon  one  procefs  ufually  fuc- 
ceeds  better  than  another.  Lemery  diredts  that  an  ounce  of  fine  filver  be  dif- 
folved in  a fufficient  quantity  of  very  pure  and  moderately  ftrong  nitrous  acid  ; 
that  this  folution  be  mixed  in  a matrafs,  or  bottle,  with  about  twenty  ounces  of 
diftilled  water ; and  that,  after  the  addition  of  two  ounces  of  mercury,  the. 
whole  be  differed  to  repofe.  During  the  fpace  of  forty  days  a kind  of  tree  of 
filver  will  be  formed  on  the  furface  of  the  mercury,  with  branches  greatly  re- 
fembling  a vegetable  fubftance  ill  its  ramifications.  The  foregoing  procefs  is 
faid  by  Macquer  to  fucceed  very  well  ; but  the  following  of  Hombe.rg  is  much 
Ihorter : 

Make  an  amalgam,  without  heat,  of  four  drams  of  leaf  filver  with  two 
drams  of  mercury.  Diflolve  this  amalgam  in  four  ounces,  on  a fufficient  quan- 
tity of  pure  nitrous  acid  of  a moderate  ftrength ; dilute  this  folution  in  about  a 
pound  and  a half  of  diftilled  water ; agitate  the  mixture,  and  preferve  it  for  ufe 
in  a glafs  bottle  with  a ground  ftopper.  \ When  this  preparation  is  to  be  ufed, 
the  quantity  of  one  ounce  is  put  into  a phial,  and  the  fize  of  a pea  of  amalgam 
of  gold  or  filver,  as  foft  as  butter,  is  to  be  added  ; after  which  the  veflfel  mufti, 
be  left  at  reft.  Soon  afterwards  fmall  filaments  appear  to  iffue  out  of  the  bell  of 
amalgam,  which  quickly  increafe,  and  flioot  out  branches  in  the  form  of 
Ihrubs. 

In  the  above  experiment  of  Lemery,  the  nitrous  acid  depofits  its  filver  at  the 


* Keir  ends  the  account  of  Mr,  Keir's  experiments. 
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lime  time  that  it  takes  up  mercury  ; and,  in  confequence  of  the  liquor  being 
fo  much  diluted,  the  procefs  goes  on  flowly,  and  the  precipitated  filver  has  time 
to  arrange  itfelf  according  to  the  law  of  its  cryflallization,  whether  that  de- 
pend on  the  polarity  of  its  particles,  or  on  any  other  property  not  yet  explained. 
In  the  method  of  Homberg,  there  are  two  circumftances  which  appear  calcu- 
lated to  forward  the  procefs  : in  the  firft  place,  the  nitrous  acid  already  con- 
tains mercury  in  folution,  which  may  probably  render  it  more  difpofed  to  part 
with  the  filver;  and,  in  the  next  place,  the  mercury  is  combined  with  filver  or 
gold  in  the  form  of  an  amalgam.  Thefe  may  perhaps  facilitate  the  precipitation 
of  the  filver,  by  prefenting  a bafe  for  it  to  combine  with  ; which  may  be  more 
perfedfly  at  repofe,  becaufe  lefs  agitable  than  the  fluid,  mercury  in  the  former  ex- 
periment. After  all,  however,  though  the  general  theory  of  the  experiment  is 
not  difficult,  yet  it  does  not  feem  eafy  to  point  out  the  effedtual  caufe  of  the  dif- 
ferences between  the  two  refults. 

Silver  unites  with  gold  by  fufion,  and  forms  a pale  alloy,  as  has  been  al- 
ready mentioned  in  treating  of  that  metal.  With  platina  it  forms  a hard  mix- 
ture, rather  yellower  than  filver  itfelf,  and  of  difficult  fufion.  The  two  metals 
do  not  unite  well.  Silver  melted  with  one  tenth  part  of  crude  platina,  from 
which  the  ferruginous  particles  had  been  feparated  by  a ftrong  magnet,  could 
not  be  rendered  clear  of  fcabrous  parts,  though  it  was  repeatedly  fufed,  poured 
out,  and  laminated  between  rollers.  It  was  then  fufed,  and  buffered  to  cool  in 
the  crucible,  but  with  no  better  fuccefs.  After  it  had  been  formed,  by  rolling 
and  hammering,  into  a fpoon  for  blow-pipe  experiments,  it  was  expofed  to  a 
low  red  heat,  and  became  rough,  and  bliftered  over  its  whole  furface.  The 
quantities  were  one  hundred  grains  of  filver  and  ten  grains  of  platina.  Nitre 
was  added  during  the  fufions. 

Silver  very  readily  combines  with  mercury.  A very  fenfible  degree  of  heat 
is  produced  when  filver  leaf  and  mercury  are  kneaded  together  in  the  palm  of 
the  hand.  With  lead  it  forms  a foft  mafs,  lefs  fonorous  than  pure  filver.  With 
copper  it  becomes  harder  and  more  fonorous,  at  the  fame  time  that  it  remains 
futiciently  dudile : this  mixture  is  ufed  in  the  Britifli  coinage.  Fifteen  parts 
of  filver,  alloyed  with  one  of  copper,  form  the  compound  called  ftandard  filver. 
The  mixture  of  filver  and  iron  has  been  little  examined.  With  tin  it  forms  a 
compound,  which,  like  that  of  gold  with  the  fame  metal,  has  been  laid  to  be 
brittle,  however  fmall  the  proportion ; though  there  is  probably  as  little  foun- 
dation for  the  aflertion  in  the  one  cafe  as  in  the  other.  With  bifmuth,  arfenic, 
zinc,  and  antimony,  it  forms  brittle  compounds.  It  does  not  unite  with  nickel. 
The  compound  of  filver  and  wolfram,  in  the  proportion  of  two  of  the  former  to 
one  of  the  latter,  was  extended  under  the  hammer  during  a few  ftrokes ; but 
afterwards  fplit  in  pieces. 

Silver  is  found  either  native  or  mineralized.  The  native  filver  is  found  in 
Peru  and  various  parts  of  Europe;  fometimes  in  confiderable.mafles,  and  often 
diffufed  through .fand,  ochre,  or  lime-ftone.  It  is  feldom  pure,  but  is  gene- 
rally alloyed  with  copper,  and  fometimes  with  gold,  iron,  or  regulus  of  antimony. 
The  mineralized  filver  contains  fulphur  and  arfenic,  or  both,  with  other  admix- 
tures. 

Native  filver  may  be  purified  by  pounding  or  waffling,  or  amalgamation  with 
mercury  ; and  the  filver  itfelf  is  refined  by  cupellation  with  lead  in  the  fame 
manner  as  gold.  In  the  large  way,  the  litharge,  or  vitrified  lead,  is  blown 
from  the  furface  of  the  filver  by  bellows,  inftead  of  foaking  into  the  crucible. 
Gold  may  be  feparated  from  filver  by  parting  with  aqua  regia,  or  treatment 
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. with  fulphur  in  the  dry  way,  which  combines  with  the  filver,  and  leaves  the 
gold  difengaged. 

The  vitreous  filver  ore  is  the  richeft  ore  of  fiver*  and  contains  from  feventy 
to  eighty  pounds  of  filver  in  the  hundred  weight ; the  reft  being  fulphur,  with 
rarely  any  other  metal,  except  a fmall  portion  of  iron.  It  is  found  either  in 
folid  large  lumps,  or  inherent  in  quartz  or  fpar.  Its  colour  generally  refembles 
that  of  lead  ; but  grows  dark  by  expofure  to  the  air.  It  ufually  poffeffes  a 
flight  degree  of  malleability,  and  is  fufficiently  foft  to  be  cut  by  a knife. 

To  analyfe  this  ore  in  the  moift  way,  it  may  be  boiled  in  nitrous  acid,  which 
acidifies  the  fulphur,  and  caufes  great  part  to  fly  off  in  the  form  of  vitriolic  acid 
air.  Common  fait,  or  marine  acid,  will  precipitate  the  filver  in  the  form  of 
luna  cornea,  which  may  be  either  reduced,  or  accounted  for  by  deducing  one 
fourth  of  its  weight  when  walhedarld  dried,  which  fourth  of  its  weight  is  ma- 
rine acid. 

In  the  dry  way,  it  may  be  reduced  by  expofing  it  to  a heat  not  fufficient  to 
melt  it.  In  this  way  the  fulphur  is  diffip'ated,  and  the  filver  remains  ufually  in  a 
fibrous  form.  Small  portions  may  be  conveniently  decompofed  in  this  manner 
by  the  blow-pipe  upon  charcoal. 

The  red  filver  ore  is  a heavy  finning  fubftance,  either  tranfparent  or  opake  ; 
fometimes  gray  or  blackifli,  but  always  reddifh  when  powdered  : it  ufually 
contains  more  than  half,  and  fometimes  three-fourths  of  its  weight  of  filver,  the 
reft  being  arfenic  and  fulphur. 

In  the  moift  way  this  ore  is  analyfed  by  reducing  it  to  fine  powder,  and  boiling 
it  with  diluted  nitrous  acid.  The  refidue,  which  contains  the  fulphur  and  the 
arfenic,  muft  be  edulcorated  with  water ; and  the  arfenic  may  be  difiolved  by 
boiling  in  a fufficient  quantity  of  aqua  regia.  If  the  fulphur  fliould  retain  any 
luna  cornea,  it  may  be  feparated  by  keeping  it  for  fome  days  in  a clofed  veflel, 
with  its  own  weight  of  diluted  cauftic  volatile  alkali.  The  clear  nitrous  folution 
being  mixed  with  the  water  ufed  in  the  edulcoration,  affords  a precipitate  of  luna 
cornea  by  the  addition  of  fea  fait,  which  may  either  be  reduced,  or  accounted 
for  in  the  fame  manner  as  in  the  affay  of  the  vitreous  filver  ore. 

Silver  united  with  fulphur,  arfenic,  and  copper,  is  generally  called  the  white 
ore  of  filver.  One  hundred  grains  of  this  being  reduced  to  a powder,  and  gently 
boiled  for  an  hour  in  more  than  twelve  times  its  weight  of  diluted  nitrous  acid, 
the  copper  and  filver  are  diffolved,  and  a white  refiduum  remains.  The  filver  is 
precipitated  in  the  metallic  form  by  the  immerfion  of  a clean  plate  of  copper ; and 
the  copper  being  afterwards  precipitated  by  the  addition  of  volatile  alkali,  may 
be  accounted  for  by  allowing  194  grains  of  the  precipitate  to  100  of  the  copper, 
and  deducting  the  lofs(fuftained  by  the  plate  of  copper  which  was  immerfed  in 
the  folution.  The  white  refiduum  may  be  deprived  of  its  arfenic  and  iron  by 
boiling  in  marine  acid.  The  arfenic  may  be  precipitated  by  the  addition  of  water  ; 
and  afterwards  the  iron,  if  any,  by  Pruffian  alkali.  The  tindiffolved  fulphur 
may  be  treated  with  volatile  alkali,  to  try  whether  it  contains  either  copper  or 
luna  cornea. 

The  other  ores  of  filver,  of  which  there  is  confiderable  variety,  may  be  ana- 
lyfed by  varying  the  proceffes  according  to  the  fuppol'ed  or  known  general  con- 
tents of  the  ore  *. 

* For  which  confult  Bergman’s  Treatife  on  the  Art  of  Aflaying  in  the  Humid  Way,  inferted  in  thy 
fecond  volume  of  the  Englifh  t ran  flat  ion  of  his  Opufcula,  or  Eflays. 
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Sulphureous  and  arfenicai  filver  ores  may  be  affayed  by  roafting,  and  fubfe~_ 
quent  fufion  with  a greater  or  lefs  quantity  of  flux.  In  the  fufion,  the  filver  is 
obtained  alloyed  with  lead,  copper,  or  iron,  which  may  be  feparated  by  cupel- 
lation  with  lead,  and  the  filver  left  pure.  The  finenefs  of  filver  is  denoted  by 
the  aflayers  by  mentioning  the  number  of  pennyweights  and  grains  of  pure  filver 
contained  in  the  ounce.  So  that  if  an  ounce  of  filver  be  found  to  lofe  half  a pen- 
nyweight by  cupellation,  it  is  faid  to  be  eleven  pennyweights  twelve  grains  fine ; 
if  it  lofe  a whole  pennyweight,  it  is  faid  to  be  eleven  pennyweights  fine,  &c. 
Silver  is  likewife  tried  by  the  touch,  in  the  fame  manner  as  gold.  For  this  pur- 
pofe  the  aflayers  are  provided  with  a fet  of  needles,  or  finall  bars  ; the  firft  of 
which  contains  vV  part  of  its  weight  of  copper,  and  the  reft  filver  ; the  fecond 
contains  parts  of  copper  ; the  third  parts ; and  fo  on  to  the  laft,  which 
contains  15  parts  of  copper  to  one  of  filver.  By  the  refemblance  of  colour  on  the 
touchftone,  an  eftimate  may  be  made  of  the  finenefs  of  the  filver  to  l'omething 
nearer  than  the  30th  part  of  the  whole,  which  is  a confiderable  acquifition  in  the 
examination  of  fmall  articles,  fuch  as  rings,  trinkets  and  the  like.  It  is  true 
indeed  that  the  ufe  of  the  touch  fuppofes  the  precious  metal  to  be  alloyed  with 
copper  only,  which  may  not  be  the  cafe  ; and  confequently  the  affayer  is  liable 
to  be  deceived  in  this  refpedl : but  he  may  in  this  cafe  have  recourfe  to  aqua 
fortis,  or  the  blow-pipe,  in  the  fame  manner  as  direfted  in  the  article  gold. 

In  the  large  works,  where  filver  is  extracted,  the  proceffes  are  grounded  on 
the  properties  already  defcribed.  Native  filver  is  triturated  with  mercury ; after 
which  the  amalgam  is  waflied,  to  feparate  the  earthy  particles  ; and  the  quick- 
filver  feparated,  partly  by  preflure  in  leathern  bags,  and  partly  by  diftillation  in 
iron  retorts. 

Rich  fulphureous  ores  are  roafted,  and  fufed  with  lead,  to  refine  the  filver' by 
cupellation.  The  poorer  ores,  which  contain  copper,  are  fufed  with  pyrites, 
which  affords  a mafs  confiding  of  copper,  fulphur,  and"  filver.  Lead  is  then 
added,  and  the  mafs  treated  in  the  way  of  eliquation.  The  lead  flows  out,  car- 
rying the  filver  with  it ; and  laftly,  thefe  two  metals  are  feparated  by  the  teft, 
on  which  the  lead  is  converted  into  litharge,  and  the  filver  remains  pure. 

The  ufes  of  filver  are  well  known  : it  is  chiefly  applied  to  the  forming  of  va- 
rious utenfils  for  domeftic  ufe,  and  as  the  medium  of  exchange  in  money.  Its 
difpofition  toaffume  a black  colour  by  tarnifhing,  and  its  foftnefs,  appear  to  be 
the  chief  objection  to  its  ufe  in  the  conftrudtion  of  graduated  inftruments  for  af- 
tronomical  and  other  purpofes,  in  which  a good  white  metal  would  be  a defi- 
rable  acquifition. 

SILVERING.  There  are  various  methods  of  giving  a covering  of  filver  or 
filvery  afpedt  to  the  furfaces  of  bodies.  The  application  of  filver  leaf  is  made  in 
the  fame  way  as  that  of  gold,  for  which  fee  Gilding.  Copper  may  be  fil- 
vered  over  by  rubbing  it  with  the  following  powder  : Two  drams  of  tartar,  the 
fame  quantity  of  common  fait,  and  half  a dram  of  alum,  are  mixed  with  fifteen 
or  twenty  grains  of  filver  precipitated  from  nitrous  acid  by  copper.  The  fur- 
face  of  the  copper  becomes  white  when  rubbed  with  this  powder,  which  may 
afterwards  be  brufhed  off  and  polilhed  with  leather.  The  fadlers  and  harnefs 
makers  cover  their  wares  with  tin  for  ordinary  ufes,  but  a cheap  filvering  is  ufed 
for  this  purpofe  as  follows : Half  an  ounce  of  filver  that  has  been  precipitated 
from  aqua  fortis  by  the  addition  of  copper,  common  fait  and  fal  ammoniac,  of 
each  two  ounces,  and  one  dram  of  corrofive  fublimate,  are  triturated-  together, 
and  made  into  a pafte  with  water ; with  this,  copper  utenfils  of  every  kind,  that 
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have  been  previoufly  boiled  with  tartar  and  alum,  are  rubbed,  after  which  they 
are  made  red  hot,  and  then  polifhed.  The  intention  of  this  procefs  appears  to 
be  little  more  than  to  apply  the  filver  in  a ftate  of  minute  divifion  to  the  clean 
furface  of  the  copper,  and  afterwards  to  fix  it  there  by  fufion ; and  accordingly 
this  filvering  may  be  effected  by  ufing  the  argentine  precipitate  here  mentioned, 
•with  borax  or  mercury,  apd  caufing  it  to  adhere  by  fufion.  The  dial  plates  of 
clocks,  the  fcales  of  barometers,  and  other  fimilar  articles  are  filvered  by  rubbing 
upon  them  a mixture  of  luna  cornea,  fea-falt,  and  tartar,  , and  afterwards 
'carefully  walhing  off  the  faline  matter  with  water.  In  this  operation,  the  filver 
is  precipitated  from  the  marine  acid,  which  unites  with  part  of  the  coppery  fur- 
face.  It  is  not  durable,  but  may  be  improved  by  heating  the  article,  and  re- 
peating the  operation  till  the  covering  feems  fufficiently  thick.  The  filvering 
of  pins  is  effeded  by  boiling  them  with  tin  filings  and  tartar.  The  explanation 
of  this  effect  is  difficult.  It  (hould  feem  as  if  the  order  of  the  affinities  was 
changed  by  the  increafe  of  temperature  ; fo  that  the  tin  may  be  taken  up  at  a 
lower  temperature  by  the  acid,  and  give  place  to  the  brafs  at  a greater  heat. 
But  fee  Tinning. 

In  the  filvering  of  looking-glaffes,  like  the  preceding  operation,  no  filver  is  “ 
ufed.  A leaf  of  tin  foil,  which  muff  be  thicker  the  larger  its . dimenfions,  is 
evenly  fpread  upon  a fmooth  {tone  table  furnifhed  with  a rim.  Upon  this 
mercury  is  poured  in  a fmall  quantity  at  firft,  and  foftly  bruflied  about  till  the 
whole  furface  of  the  tin  appears  bright  by  amalgamation.  At  this  period,  the 
mercury  has  corroded  the  upper  furface  only  of  the  tin  j but  if  the  operation  were 
to  reft  here,  its  texture  would  foon  be  entirely  deftroyed  by  a total  combination. 
The  workman  then  pours  a confiderable  quantity  of  mercury  upon  the  table.  A 
fheet  or  piece  of  paper  with  a neat  cut  edge  is  then  applied  over  one  of  the  rims 
of  the  table,  and  upon  it  the  plate  of  glafs  intended  to  be  filvered.  The  .plate 
sis  then  Aided  onward,  and  comes  in  comad  with  the  mercurial  furface,  fo  as  not 
only  to  prevent  the  interpofition  of  bubbles  of  air,  which  would  enfue  from  a 
perpendicular  application,  but  likewife  in  a great  meafure  to  drive  the  dull  and 
other  impurities  before  it.  As  foon  as  the  whole  furface  of  the  glafs  is  thus  ap- 
plied to  the  mercury,  the  paper  is  withdrawn,  and  weights  placed  on  the  glafs, 
fo  as  to  bring  it  into  clofe  contad  with  the  amalgamated  tin  foil.  The  fuper- 
fluous.  mercury  is  then  decanted  off,  and  the  glafs  fuffered  to  remain  undifturbed 
for  a day  or  more.  During  this  time,  the  mercury  applied  between  the  furface 
of  the  glafs  and  the  tin,  becomes  gradually  abforbed  by  the  latter,  and  forms  a 
hard  amalgam,  which  is  not  eafily  injured  or  removed,  and  is  further  defended 
by  the  frame  into  which  looking-glaffes  are  ufually  fet. 

The  convex  furfaces  of  glafs  mirrors  are  filvered  in  the  fame  manner,  but  in- 
ftead  of  a fiat  table,  a mould  of  plafter  of  Paris  is  made  ufe  of.  Hollow  mirrors 
or  globes  are  filvered  by  an  amalgam  confiding  of  one  part  by  weight  of  bif- 
muth,  half  a part  of  lead,  the  fame  quantity  of  pure  tin,  and  two  parts  mer- 
cury. The  imperfed  metals  are  to  be  firft  fufed  together,  and  the  mercury 
then  added  when  the  mixture  is  almoft  cold.  A very  gentle  heat  is  fuffi- 
cient  to  fufe  this  amalgam.  In  this  ftate  it  is  poured  into  a clean  glafs  globe  im 
tended  to  be  filvered,  by  means  of  a paper  funnel  which  reaches  to  the  bot- 
tom. At  a certain  temperature,  it  will  ftick  to  the  glafs,  which  by  a proper 
motion  may  thus  be  filvered  completely,  and  the  fuperfluous  amalgam  poured 
out.  The  appearance  of  thefe  toys  is  varied  by  ufing  glafs  of  different  colours, 
fuch  as  yellow,  blue  or  green. 

S1NOPLE  is  a dark  red  jafper  or  flint,  which  ftrikes  fire  with  fteel,  and  affords 
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in  the  dry  way  10  percent,  of  iron,  and  rnelts  into  a black  flag.  Rinm.Tliff:. 
Ferri,  § 189.  If  tried  with  the  Pruflian  alkali,  it  would  probably  fhew  eighteen 
or  twenty  parts  of  iron,  as  this  always  feparates  nearly  double  the  quantity  of 
iron  that  can  be  extracted  in  the  dry  way. 

SINTER.  See  Stalactites. 

SLATE.  This  name  is  given  to  argillaceous  opake  ftones,  which  poflefs  the 
Well  known  property  of  breaking  or  fplitting  into  plates  or  laminae.  The  fixth, 
feventh,  and  eighth  lpecies  of  Kirwan’s  argillaceous  gems  comprehend  the 
flates  or  Ihifti. 

Of  the  roof  flate,  or  fhiftus  tegularis,  he  reckons  four  varieties,  none  of 
which  has  been  hitherto  analyfed,  except  the  blueilh- purple  flate,  chiefly  ufed 
in  London,  which  he  examined,  and  to  which,  as  to  a ftandard,  he  refers  the 
other  forts. 

Variety  I.  Clay  intimately  mixed  with  1.77  of  its  weight  of  filiceous  earth, 
0.3  of  its  weight  of  magnefia,  0.15  of  calcareous  earth,  both  flightly  aerated, 
and  nearly  0.54  of  its  weight  of  iron,  befides  a flight  admixture  of  mineral  oil. 
This  forms  blueilh- purple  flate.  It  does  not  ftrike  fire  with  Heel,  and  may  be 
lightly  fcraped  with  the  nail : it  is  very  brittle,  and  of  a lamellar  texture  : its 
fpecific  gravity  is  2.876  : when  in  pieces  of  4 of  an  inch  thick,  or  lefs,  it  gives 
a clear  found  if  ftruck  : its  grain  is  moderately  fine:  it  is  never  tranfparent : it 
flightly  effervefces  with  acids  when  reduced  to  powder,  otherwife  not : when 
heated  red,  it  lofes  fomething  mo^e  than  2 per  cent,  of  its  weight,  flightly  deto- 
nates with  nitre,  and  then  aflumes  a brownifh  red  colour,  but  calcination  does 
not  render  it  magnetic:  in  a ftronger  heat  it  is  fufible  without  addition,  and 
forms  a black  fcoria : it  is  difficultly  difiolved  by  mineral  alkali  in  the  dry  way, 
more  eafily  by  borax,  though  with  little  effervefcence,  and  alfo  by  microcofmic 
fait  with  fome  effervefcence.  Mr.  Gerhard  remarks,  that  it  melts  with  equal  eafe.. 
in  chalk  or  clay  veflels. 

Colour] efs  acid  of  nitre,  after  (landing  on  it  two  months  in  cold,  aflumes  a 
green  colour. 

Kirwan  found  too  grains  of  it  to  contain  about  46  of  filex,  26  ofargill,  8 of; 
magnefia,  4 of  calcareous  earth,  and  14  of  iron.  Part  of  the  iron  feems.  to  be 
in  a phlogifticated  (late,  from  its  union  with  the  oil,  and  part  in  a dephlogiftir 
cated  date,  or  that  of  a red  calx.  This  is, united  to  the  argillaceous  part  and 
filex,  and  is  very  difficultly  feparated.. 

Variety  II.  Pale,,  flightly  purple,  or  blueifh  fhiftus.  This  done  is  harder 
than  the  foregoing,  its  laminae  thicker,  and  its  texture  coarfer:  it  feems  to  con- 
tain a larger  proportion  of  the  filiceous,  and  a fmaller  of  the  martial  ingredient.. 

Variety  III.  Blue  (Indus.  The  proportion  of  the  earthy  ingredients, 
being  the  fame  as  in  the  fiTft  variety,  that  of  the  martial  ingredients  feems  to  be 
fmaller. 

Other  ftones  are  alfo  ufed  for  covering  houfes  in  various  countries,  but  they 
are  eafily  diftinguifhed  ; as  their  laminas  are  much  thicker,  their  furface  more  un- 
even, and  their  texture  coarfer.  They  chiefly  belong  to  the  clafs  of  fand  ftones, 
or  to  the  calcareous  genus. 

Variety  IV.  Dark  blue  flate,  (hiftus  fcriptorius.  It  effervefces  more  brifkly 
with  acids,  and  feems  to  contain  more  magnefia,  and  lefs  iron,  than  the  firft  va- 
riety: its  fpecific  gravity  is  2.701. 

The  pyritaceous  fpecies  confifts  of  earth  mixed  with  a variable  proportion  of  ; 
pyrites,  with  a little  magnefia  and  calcareous  earth. 

Its  colour  is  gray,  brown,  blue,  or  black : it  is  more  or  lefs  decompofable  by 
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expofure  to  the  air,  according  to  the  quantity  of  the  pyritous  ingredient  and  the 
ftate  of  the  iron  in  the  pyrites  : if  the  iron  be  in  a femi-phlogifticated  ftate,  it  is 
eafily  decompofed  ; but  if  the  calx  of  iron  be  already  much  dephlogifticated,  it 
will  be  decompofed  but  flowly,  if  at  all.  Aluminous  fhiftus  is  of  this  fpecies. 

The  bituminous  fhiftus  is  intimately  mixed  with  a notable  proportion  of  mine- 
ral oil  or  bitumen. 

It  is  generally  black,  of  a lamellar  texture,  of  different  degrees  of  hardnefs, 
but  never  gives  fire  with  fteel : it  emits  a ftrong  fmell  when  heated,  and  fome- 
fcimes  without  heat ; and  does  not  fhew  white  when  fcraped. 

Tothefe  may  be  added,  1.  The  argillaceous  fhiftus  or  flag-ftone.  It  confifts 
of  clay  mixed  with  from  three  to  four  tenths  of  its  weight  of  filex,  and  a little 
of  the  yellow  or  red  calx  of  iron.  It  is  of'  a grey,  yellowifh,  or  reddifh  white 
colour  4 does  not  give  fire  with  fteel,  nor  effervefce  with  acids : its  fpecific  gra-t 
vity  is  from  2.6  to  2.78  : it  is  in  fome  places  ufed  for  covering  of  houfes,  but 
moftiy  for  flooring ; it  is  fometimes  compact,  and  fometimes  Tandy,  and  then 
its  fpecific  gravity  is  fmaller. 

2.  The  argillaceous  grit,  free-ftone,  or  fand  ftone.  This  may  be  cut  eafily 
in  all  dire&ions:  its  texture  is  more  or  lefs  porous,  equable,  and  roughs  to  the 
touch:  it  exhales  an  earthy  fmell  when  frefli  broken  and  breathed  upon:  it 
does  not  give  fire  with  fteel,  nor  effervefce  with  acids.  That  from  Hollington, 
near  Utoxeter,  is  of  a whitifli  or  yellowifh  gray,  and  its  fpecific  gravity  2^288.. 
That  from  Kniperfly,  in  Staffordfhire,  is  of  a blueifh  gray,  and  .fo  infufible  as 
to  be  ufed  for  a fire-ftone : its  fpecific  gravity  is  2.568. 

SMALT.  See  Zaffre. 

SMARAGDUS.  See  Precious  Stones,  No.  VII.. 

SMECTIS.  See  Steatites. 

SMELL,  PRINCIPLE  OF.  Subftances  diffolved  or  fufpended  in  the  at- 
mofphere  are  found  to  adt  with  peculiar  energy  on  the  organs  of  fmell.  Such 
permanently  elaftic  fluids  as  are  deftrudtive  of  animal  life,  as  for  example,  alka- 
line air  emitted  from  the  concrete  alkali  commonly  called  fmelling  falts,  vitriolic 
acid  air  formed  when  fulphur  is  burning,  nitrous  air  from  aqua  fortis,  and  the 
like,  produce  effedts  to  which  fcarcely  any  individual  is  a ftranger.  Every  che- 
mical operation  is  attended  with  the  extrication  of  more  or  lefs  volatile  matter. 
Even  the  metals  and  glafs  affedt  the  organ  of  fmell,  probably  by  fome  evolation  ; 
and  the  fmells  emitted  by  organized  fubftances  in  every  ftage  of  their  exiftence, 
are  among  the  moft  remarkable  of  their  fecondary  properties. 

The  principle  of  fmell  in  plants  appears  to  be  of  an  exceedingly  fubtile  na- 
ture. It  feems  in  general  to  refide  in  the  eflential  oil,  and  compofes  an  ex- 
tremely fmall  part  of  the  weight  of  vegetables,  as  may  be  inferred  from  the 
lofs  of  fragrance  fuftained  by  eflential  oils,  with  little  or  no  lofs  of  their  weight. 
This  however  does  not  neceflarily  fuppofe  that  the  whole  principle  of  fmell  has 
flown  off ; becaufe  it  may  with  equal  probability  be  fuppofed  to  have  entered . 
into  combination  with  fome  of  the  other  principles  of  the  fubftance  which  af- 
forded it.  Distillation  with  fpirit  of  wine  is  ufed  to  extradl  the  fragrant  princi- 
ple from  plants.  A confiderable  proportion  of  this  matter  may  be  obtained  by 
diftillation  with  water,  in  which  it  comes  over  probably  diffufed  with  a fmall 
proportion  of  eflential  oil.  It  has  been  fuppofed  to  confift  of  an  elaftic  fluid  of 
a peculiar  nature, 

SMELTING  OF  ORES.  The  reparation  of  metallic  fubftances  from  their 
ores  in  the  large  way  by  heat,  is  called  lrnelting.  For  the  procefies,  See  Ores, 
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SNOW  OF  ANTIMONY.  This  name  has  been  given  to  the  white  calx 
obtained  by  fublimation  from  regulus  of  antimony. 

SOAP  is  a faline  compound,  formed  from  fat  or  inflammable  bodies, 
which  not  being  foluble  in  water  by  themfelVes,  compofe,  by  the  afliftance  of 
f'alts,  a homogeneous  mafs  foluble  in  water.  Thefe  fubftances  are  flippery  to 
the  touch,  foluble  in  water  and  fpirit  of  wine,  and  commonly  lather  and  froth 
with  thefe  fluids,  upon  being  agitated  with  them  ; they  alfo  render  feveral  other 
fubftances  mifcible  with  water.  They  are  difcriminated  from  each  other,  not 
■only  by  the  various  fairs,  but  likewife  by  the  different  forts  of  fat  fubftances 
employed  in  their  preparation.  Similar  combinations  alfo  are  found  ready 
formed  in  nature,  though  thefe  are  lefs  in  ufe,  and  require  to  be  adapted  by 
art  to  the  different  purpofes  to  which  they  may  be  applied. 

Different  vegetables  very  evidently  exhibit  by  nature  a faponaceous  quality 
an  their  compofition,  of  which  foap  wort,  the  foap-berry  tree  (Sapindus  fapo- 
naria),  and  the  common  night-fhade,  may  be  adduced  as  inftances.  Now  fince 
the  period  that  we  have  been  convinced  of  the  prefence  of  alkaline  falts  in  ve- 
getables, nothing  is  eafierthan  to  conceive  the  origin  of  a mixture  of  this  kind. 
In  proportion  therefore  as  this  fait  and  the  oily  parts  exceed  the  reft  in  quantity, 
arid  the  force  of  the  alkali  is  not  weakened  at  the  fame  time  by  the  prefence  of 
a mineral  acid,  fuch  vegetable  will  be  more  or  lefs  of  a faponaceous  nature. 
Sometimes  alfo,  though  more  rarely,  a faponaceous  compound  is  met  with  in 
vegetables  which  confift  of  oleaginous  particles  and  an  acid.  For  this  reafon  it 
is  neceflaiy  in  every  cafe,  previous  to  attempting  to  afcertain  the  compofition 
of  one  of  thefe  compounds,  to  fee  of  what  kind  it  is.  With  this  view,  the 
watery  extract  of  the  faponaceous  plant  needs  only  to  be  mixed  with  a folution 
of  fixed  alkaline  fait,  and  notice  taken  whether  any  precipitation  or  feparation 
of  the  conftituent  parts  enfues  or  not.  If  in  this  operation  the  mixture  is  not 
obferved  to  become  turbid,  but  that  an  acid  on  being  added  to-it  produces  this 
effedf,  it  may  reafonably  be  inferred,  that  this  faponaceous  compound  has  an 
alkaline  fait  for  its  bafis.  But  if  upon  the  addition  of  an  acid  to  fuch  extradt  no 
alteration  enfues,  and  it  is,  on  the  contrary,  rendered  turbid  by  an  alkali,  it 
may  be  concluded  that  the  compofition  is  faponaceous  with  an  acid  bafis. 

A perfedt  foap  cannot  be  produced  by  art  with  acids.  From  the  commixture 
of  fluid  acids  and  oily  fubftances,  no  other  than  greafy,  faponaceous  mafles  are 
produced,  which,  though  they  are  mifcible  with  water,  cannot  be  brought  into 
a folid  and  concrete  ftate,  and  at  the  fame  time  preferve  their  faponaceous  qua- 
lities. 

The  alkaline  falts,  on  the  contrary,  are  intermediate  fubftances,  by  which  all 
oleaginous  or  other  inflammable  bodies  may  be  brought  into  a perfedtly.  fapo- 
naceous ftate  But  in  order  to  promote  the  combination  propofed,  they  mufl: 
neceflarily  be  deprived  of  fixed  air,  by  boiling  with  quick-lime. 

With  the  fixed  alkaline  falts,  the  mineral  as  well  as  vegetable  alkali,  tallow- 
foaps  are  prepared  in  the  following  manner : One  part  of  either  of  thefe  alka- 
line falts,  and  about  two  parts  of  quick-lime,  or  as  much  as  is  requifite  to  ren- 
der them  perfedtly  cauftic,  are  to  be  mixed  together,  and  made  into  a ftrong 
ley,  with  the  neceflary  quantity  of  water.  This  ley  is  then  made  to  boil  with 
three  parts  of  tallow  or  fat  over  a gentle  fire,  and  kept  continually  ftirring,  till 
the  mixture  becomes  thick,  and  ceafes  to  adhere  to  the  hand,  when  a little  is 
taken  out  of  it  for  a fample.  Towards  the  end,  a proportional  quantity  of 
common  laic  is  added,  by  which  the  foap  acquires  a greater  degree  of  hardnefs. 
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This  effed  has  been  accounted  for  on  various  fuppofitions.  It  has  been  faid, 
that  the  quantity  of  water  prefent  is  diminifhed  by  the-abftra&ion  of  as  much, 
as  the  fait  requires  for  its  folution  ; a circumftance  probably  of  little  confe- 
quence.  Again,  the  foap  is  rendered  lefs  foluble  in  the  water  by  this  addition  ; 
and  therefore  more  readily  feparates.  But  the  moft  important  effect  feems  to  be, 
that  the  marine  acid  of  the  fait  attracts  the  vegetable  alkali  of  the  foap,  and 
gives  its  own  mineral  alkali  in  return,  which  is  known  to  afford  a much  harder 
foap.  The  weight  of  the  foap  here  acquired  is  commonly,  as  Wiegleb  fays, 
double  that  of  the  tallow  employed  in  making  it.  In  the  fame  manner  a wax 
foap  may  be  prepared  either  of  yellow  or  white  wax,  which  is  about  three  times 
the  weight  of  the  wax,  is  very  hard  and  firm,  and  has  an  agreeable  fmeil  of  aL- 
monds.  The  Gravenhorfts  in  Brunfwick  likevvife  prepare  a foap  of  cocoa  butter 
for  medical  ufes.  Sperma  creti  alfo  may  be  made  into  foap  with  a cauftic  ley* 

Macquer  gives  us  the  following  procefs  for  oil  foap  : One  part  of  quick- 
lime and  two  parts  of  good  Spamlh  foda  are  boiled  together  during  a Ihort 
time,  with  twelve  times  as  much  water,  in  an  iron  cauldron.  This  lixivium  is  to 
be  filtered,  and  evaporated  by  heat,  till  a phial 'which  is  capable  of  containing 
an  ounce  of  water  fiiall  contain  an  ounce  and  three  gros  of  this  concentrated 
lixivium.  One  part  of  this  lixivium  is  to  be  mixed  with  two  parts  of  oil  of 
olives,  or  of  fweet  almonds,  in  a glafs  or  ftone-ware  veffel.  The  mixtyre  is  to 
be  ftirred  from  time  to  time  with  an  iron  fpatula,  or  with  a peffle,  and  it  foon 
becomes  thick  and  white.  The  combination  is  gradually  completed,  and  in 
feven  or  eight  days  a very  white  and  firm  foap  is  obtained. 

For  the  coarfer  forts  of  foap  cheaper  oils  are  employed,  fuch  as  oil  of  nuts, 
linfeed,  hemp,  filh,  &c.  Either  of  thefe  kinds  of  foap,  to  be  good,  muft  not 
feel  greafy  or  undluous  in  water,  nor  exhibit  any  veftige  of  fat  upon  the  water. 
It  ought  farther  to  diflolve  eafiiy  in  water,  and  lather  well,  as  likevvife  be  ealily 
foluble  in  fpirit  of  wine.  It  muff;  not  become  moift  in  the  air,  nor  throw  out 
a faline  efflorefcence  on  its  external  furface.  When  a folution  of  foap  in  fpirit  of 
wine  is  poured  into  river  or  fpring  water,  a precipitation  enfues,  and  a great 
part  of  the  precipitate  is  no  longer  foluble  in  water.  All  foaps  are  decompofed 
again  by  acids,  and  the  fat  matter  feparated  from  them.  The  alteration  how- 
ever, which  the  fat  and  oils  undergo  on  this  occafion,  is  very  remarkable. 
They  are  now  foluble  in  fpirit  of  wine,  whereas  before  the  cafe  was  quite 
otherwife  ; the  caufe  of  which  depends  on  the  aftion  of  the  matter  of  fire  upon  ■ 
thefe  bodies;  and  indeed  the  naked  fire  manifeftly  exerts  the  fame  effedt  upon 
them  in  fuch  cafes,  in  which  it  converts  them  into  empyreumatic  oils.  In  the 
fouthern  countries,  mineral  alkali,  but  in  the  northern  countries  the  common 
vegetable  alkali,  is  more  commonly  employed  in  the  manufacture  of  foap. 
With  mere  lime-water  a faponaceous  greafy  mixture  only,  but  no  folid  foap,  can 
be  obtained.  Befides  the  above-mentioned  fat  fubftances,  a refinous.  foap  may 
alfo  be  made  from  the  coarfer  kinds  of  refin  with  cauftic  ley.  The  compound 
refuking  from  this  union  partakes  at  the  fame  time  of  the  properties  of  oil  and 
of  alkali ; but  thefe  properties  are  modified  and  tempered  by  each  other,  ac- 
cording to  the  general  rule  of  combinations.  Alkali  formed  into  foap  has  not 
nearly  the  fame  acrimony  as  when  it  is  pure  ; it  is  even  deprived  of  almoft  all 
its  caufticity,  and  its  other  faline  alkaline  properties  are  almoft  entirely  abolifhed. 
The  fame  oil  contained  in  foap  is  lefs  combuftible  than  when  pure,  from  its 
union  with  the  alkali,  which  is  an  uninflammable  body.  It  is  mifcible,  or  even 
foluble  in  water  to  a certain  degree,  by  means  of  the  alkali.  Soap  is  entirely  fo- 
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luble  in  fpirit  of  wine,  and  ftill  better  in”'aqua  vitse  fharpened  by  a little  alka- 
line fair,  according  to  an  obfervation  o4f  Mr.  Geoffroy. 

When  oil  unites  with  alkali  in  the  formation  of  foap,  it  is  little  altered  in  the 
connexion  of  its  principles ; for  it  may  be  feparated  from  the  alkali  by  decom- 
pofing foap  with  any  acid,  and  may  be  obtained  nearly  in  its  original  ftate.  By 
the  accurate  inveftigation  that  Mr.  Geoffroy  has  made  of  foap,  by  decompofing 
it  thus  by  means  of  an  acid,  he  found  that  two  ounces  of  this  compound 
confift  of  one  ounce  three  grOs  and  one  fcruple  of  oil,  one  gros  and  a fcruple  of 
marine  alkali  deprived  of  all  moifture,  or  twice  the  quantity  of  this  fait  containing 
rhe  water  of  its  cryftallization  j and  laftly,  two  gros  and  four  grains  of  water. 
This  latter  quantity  of  water  is  neverthelefs  variable,  according  to  the  condition 
-of  the  foap  ; for  it  may  be  much  more  or  much  lefs  dry. 

Concerning  the  decompofition  of  foap  by  means  of  acids  we  muft  obferve, 
firft,  that  all  acids,  even  the  weakeft  vegetable  acids,  may  occafion  this  decom- 
pofition,  becaufe  every  one  of  them  has  a greater  affinity  than  oil  with  fixed  al- 
kali. Secondly,  thefe  acids,  even  when  united  with  any  bafis,  excepting  a fixed 
alkali,  or  the  inflammable  principle,  are  capable  of  occafioning  the  fame  de- 
compofition ; whence  all  ammoniacal  falts,  all  falts  with  bafis  of  earth,  and  all 
thofe  with  metallic  bafes,  are  capable  of  decompofing  foap,  in  the  fame  manner 
as  difengaged  acids  are  ; with  thil  difference,  that  the  oil  feparated  from  the 
fixed  alkali,  by  the  acid  of  thefe  falts,  may  unite  more  or  lefs  intimately  with 
the  fubftance  which  was  the  bafis  of  the  neutral  fait  employed  for  the  decom- 
pofition. 

Soap  may  alfo  be  decompofed  by  diflillation  ; as  Lemery  has  (hewn.  When 
firft  expofed  to  fire,  it  yields  a phlegm  called  by  him  a fpirit ; which  neverthe- 
lefs is  neither  acid  nor  alkaline,  but  fome  water  which  enters  into  the  compofi- 
tion  iof  foap.  It  becomes  more  and  more  coloured  and  empyreumatic  as  the  fire 
is  increafed,  which  (hews  that  it  contains  the  moft  fubtle  part  of  the  oil.  It 
even  feems,  as  Macquer  remarks,  to  raife  along  with  it  by  help  of  the  oil,  and 
adtion  of  the  fire,  a fmall  part  of  the  alkali  of  the  foap  ; for,  as  the  fame  chemift 
ohferves,  it  occafions  a precipitate  in  a folution  of  corrofive  fublimate.  But  the 
modern  difcovery  of  the  compofition  of  volatile  alkali  leads  us  to  infer,  that 
the  phlogifticated  air  of  part  of  the  mucilage  of  the  oil  formed  this  fait,  by 
-uniting  with  the  inflammable  air  in  the  heat  of  deftrudtive  diflillation.  See  Al- 
kali Volatile.  After  this  phlegm,  the  oil  rifes  altered,  precifely  as  if  it  had 
been  diftilled  from  quick-lime,  that  is,  empyreumatic,  foluble  in  fpirit  of  wine, 
at  firft  fufficiently  fubtle,  and  afterwards  thicker.  An  alkaline  refiduous  coal  re- 
mains in  the  retort,  confifting  chiefly  of  the  mineral  alkali  contained  in  the  foap, 
and  which  may  be  difengaged  from  the  coal  by  calcination  in  an  open  fire,  and 
obtained  in  its  pure  ftate. 

As  all  oils  contain  an  acid  more  or  lefs  combined,  which  may  alfo  be  more 
or  lefs  difengaged  by  the  oil  becoming  rancid,  by  the  adtion  of  heat,  or  by  com- 
bination with  other  bodies,  probably  a portion  of  the  alkali  of  the  foap  is  fatu- 
rated  with  the  acid  of  the  oil,  efpecially  after  the  diftillation  of  the  foap.  But 
this  matter  has  not  been  fo  well  examined,  that  we  can  affirm  any  thing  con- 
cerning it. 

Alkaline  foaps  are  very  ufeful  in  many  arts  and  trades,  and  alfo  in  chemiftry 
and  medicine.  Their  principal  utility  conlifts  in  a deterfive  quality  that  they 
receive  from  their  alkali,  which,  although  it  is  in  fome  meafure  faturated  with 
-oil,  is  yet  capable  of  adting  upon  oily  matters,  and  of  rendering  them  fapona- 

ceous 


S O A 


S O A 


( 849  ) 

ceous  and  mifcible  with  water.  Hence  foap  is  very  ufefui  to  cleanfe  any  fub- 
ftances  from  all  fat  matters  with  which  they  happen  to  be  foiled.  Soap  is  there- 
fore daily  ufed  for  the  wafhing  and  whitening  of  linen  } for  the  cleaning  of 
woollen  cloths  from  oil,  and  for  whitening  filk,  and  freeing  it  from  the  refinous 
varnifh  with  which  it  is  naturally  covered.  Pure  alkaline  lixiviums  being  ca- 
pable of  diffolving  oils  more  effectually  than  foap,  might  be  employed  for  the 
fame  purpofes ; but  when  this  activity  is  not  mitigated  by  oil,  as  it  is  ini  foap, 
they  are  capable  of  altering,  and  even  of  deftroying  entirely  by  their  caufticity 
moft  fubftances,  efpecially  animal  matters,  as  filk,  wool,  and  others  : whereas 
foap  cleanfes  from  oil  almoft  as  effectually  as  pure  alkali,  without  danger  of  al- 
tering or  deftroying  ; which  renders  it  very  ufefui. 

Volatile  or  effential  oils  are  not  united  to  alkaline  falts  but  with  great  diffi- 
culty. Hence,  according  to  Wiegleb,  Starkey’s  foap  is  the  only  foap  of  this 
kind  known.  This  foap  is  prepared  by  pouring  four  parts  of  oil  of  turpentine 
upon  one  of  pulverized  highly  cauftic  fixed  alkali  in  an  alembic,  digefting 
them  together  for  fome  time  in  a gentle  heat,  and  laftly,  diftilling  the  oil  over 
the  helm,  and  pouring  it  back  again  feveral  times,  till  at  length  the  fait  will 
take  up  no  more  of  it,  and  has  acquired  a faponaceous  nature.  With  empyreu- 
matic  oils,  a combination  of  this  kind  has  not  as  yet  fucceeded  ; the  formation 
of  a foap  of  camphire  however  fucceeded  perfectly  well. 

Shorter  methods  have  been  fought  after  for  the  preparation  of  Starkey’s  foap, 
by  feveral  chemifts ; and  amongft  thefe  is  the  illuftrious  Stahl ; who,  confi- 
dering  water  as  part  of  the  combination  of  every  foap,  and  even  that  it  is  a me- 
dium by  which  the  fait  and  oil  are  united  together,  direCts,  that  after  having 
mixed  oil  of  turpentine  with  very  hot  alkali,  and  having  fiiook  them  together, 
this  mixture  Ihould  be  expofed  in  a moift  pl^ce,  that  all  the  portion  of  alkali 
which  does  not  unite' with  the  oil  may  deliquiate,  and  be  feparated  from  the  part 
of  the  mixture  that  is  combined  j that  this  alkali  Ihould  then  be  dried,  and  new 
oil  poured  upon  it,  as  at  firft  ; and  laftly,  that  this  method  Ihould  be  continued 
till  the  whole  be  reduced  into  foap  ; and  thus  the  operation  will,  as  he  affirms, 
be  greatly  fhortened.  Neverthelefs,  later  chemifts,  not  fatisfied  with  this  me- 
thod of  Stahl,  have  endeavoured  to  Amplify  ftill  more  this  operation.  Mr. 
Rouelle  the  younger  has  publifhed,  in  the  Journal  de  Medecine,  that  he  has 
difcovered  a more, expeditious  method  than  all  thofe  hitherto  known  for  the  pre- 
paration of  this  foap.  Mr.  Baume  has  alfo  publifhed  in  the  Gazette  de  Mede- 
cine a method  of  making  it  in  a few  hours.  It  confifts  in  triturating,  during 
a long  time,  alkaline  fait  upon  a porphyry,  and  in  adding  to  this  fait,  during  the 
trituration,  oil  of  turpentine.  According  to  this  able  chemift,  the  thicks  refinous 
part  only  of  this  oil  can  truly  combine  with  fixed  alkali : and  this  combination 
is  effected  only  while  the  more  volatile  and.attenuated  part  of  the  oil  is  diffipated. 
For  which  reafon,  according  to  him,  a very  great  quantity  of  oil  of  turpentine 
is  requifite  for  the  formation  of  Starkey’s  foap,  which  quantity  of  oil  is  indeter- 
minate, as,  the  more  volatile  and  ethereal  it  is,  the  more  of  it  is  required  ; and 
alfo  the  trituration  upon  the  porphyry,  by  promoting  the  evaporation  of  the 
fubtle  part  of  the  oil,  accelerates  confiderably  the  operation  of  Starkey’s, 
foap. 

Another  artift  fays,  in  the  Gazette  de  Medecine,  that  the  operation  may  be 
much  abridged,  by  adding  to  the  new  mixture  a certain  quantity  of  this  foap 
ready  made ; which  correfponds  with  Baume’s  opinion.  Laftly,  Baume  has 
found,  that  the  addition  of  a little  turpentine,  or  of  ordinary  foap,  confide- 
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rably  abridges  the  operation  ; and  this  alfo  confirms  his  opinion*  which  Teems 
to  be  very  probable.  Macquer  has  made  feveral  judicious  observations  on  this 
compound. 

He  thinks  this  preparation  Teems  to  be  uncertain,  and  ill  chofen.  For,  be- 
fides  that  the  true  foap  of  Starkey,  that  is,  the  intimate  combination  of  ethereal 
oil  of  turpentine  with  fixed  alkali*  according  to  the  ufual  idea  of  it,  is  a thing, 
probably  impoffible ; it  may  be  affirmed  that  die  faponaceous  compounds  ob- 
tained by  any  method  of  mixing  oil  of  turpentine  with  fixed  alkali  do  not  long 
remain  in  the  fame  (late,  and  by  time  neceffarily  undergo  perpetual  alterations. 

To  be  fully  convinced  of  this  truth,  we  may  compare  together  not  only  thefe 
foaps  made  by  different  proceffes,  but  alfo  the  fame  foap,  a longer  or  fhorter 
time  after  it  has  been  made,,  and  we  fhall  find  confiderable  differences  in  their 
colour,  fmell,  and  confidence.  We  fhall  find  that  tfiofe  deliquiate,  and  are 
partly  refolved  into  liquor  by  the  air,  that  have  been  made  with  a too  ethereal 
oil,  which  is  incapable  of  faturating  well  the  fixed  alkali ; that  others  acquire  by 
time  a pitchy,  yellowifh,  femi-tranfparent  and  refinous  appearance,  which  con- 
tain too  large  a quantity  of  thick  refiduum  of  oil  of  turpentine.  Thofe  foaps. 
which  feem  to  be  the  beft  made,  which  contain  a proper  quantity  of  oil  of  tur- 
pentine, which  are  neither  too  ethereal  nor  too  thick,  preferve  longer  their 
white  colour  and  the  confidence  of  true  foap  : but  they  neverthelefs  participate 
more  or  left  of  the  faults  we  have  mentioned.  Laftly,  all  thefe  foaps  are  liable 
to  contain  a confiderable  quantity  of  a fort  of  neutral  fait,  formed  by  the  acid 
of  the  oil  of  turpentine  united  with  a part  of  the  alkali  of  the  foap*  This  fait 
cryftallizes  upon  the  furface,  and  even  within  the  foap,  which  in  time  becomes 
quite  penetrated  and  ftuck  all  over  with  a faline  efflorefcence.  Thefe  bad  qua- 
lities and  alterations  of  Starkey’s  foap  cannot  be  avoided  by  any  method,  as  they 
depend  on  the  nature  of  effential  oils,  which  we  cannot  change.  Tffiefe  foaps 
are  known  to  contain  a volatile  and  fuperficially  combined  acid,  which  unfolds- 
itfelf  more  and  more,  or  which  is  engaged  more  intimately  with  a portion  of  oil,, 
to  which  it  gives  a thicker  confiftence.  We  are  no  lefs  certain  that  the  moft 
ethereal  part  of  effential  oils,  or  their  fpiritus  redor,.  is  fo  volatile,,  that  however’ 
attentive  we  may  be  to  preferve  it,  it  will  gradually  diffipate  in  time : in  a word,, 
we  know'  from  experience,  that  all  effential  oils  are  drying,  and  are  much  more 
fpontaneoufiy  alterable  than  any  others ; and  that  thefe  fpontaneous  alterations 
cannot  be  prevented  by  the  impeifed  combination  which  they  are  capable  of 
forming  with  an  alkali.  On  the  contrary,  this  alkali,  by  abforbing  their  acid, 
and  by  facilitating  the  diffipation  of  their  ethereal  part,  with  which  the  alkali  is 
not  capable  of  forming  a true  union,  can  only  haften  the  alterations  to  which 
the  oil  is  naturally  difpofed. 

From  all  this  he  concludes  that  Starkey’s  foap  is- a difficult,,  uncertain,  va- 
riable preparation,  which  is  continually  changing  its  nature,  and  confequently 
its  medicinal  virtues.  This  latter  inconvenience,  although  it  were  the  only  one,, 
would  be  fufficient  to  make  us  rejed  this  preparation.  And  therefore,  as  is 
probable,  a faponaceous  lubftanee,  partaking  of  the  properties  of  fixed  alkali 
and  of  an  effential  oil,  would  be  uleful  in  medicine;  ordinary  foap,  incorpo- 
rated extemporaneously  with  any  quantity  of  effential  oil  which  fhall  be  judged 
proper,  might  be  fubflituted  inftead  of  Starkey’s  foap. 

Volatile  alkali  is  in  its  nature  but  ill  adapted  for  remaining  fixed  in  bodies, 
till  a perfed  combination  can  take  place  with  various  kinds  of  fat  -y  though  in 
its  cauftic  ftate,  by  bare  mixture  alone,  it  imparts  a faponaceous  quality  to  lard, 
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butter,  and  fat  oils,  infomuch  that  they  become  foluble  in  fpirit  of %vine.  Confe- 
quently  it  is  only  capable  of  uniting  with  volatile  eth  .real  oils,  from  which  concrete 
and  fluid  volatile  oily  falts  are  compounded.  Of  the  former  kind  are  the  fmell- 
ing-falts,  or  mild  volatile  alkali  fublimated  with  the  addition  of  a fragrant  oif 
cflential  oil.  Otherwife  it  may  be  expeditioufly  made,  indeed  extempore,  by  a 
mixture  of  three  parts  of  purified  alkali,  one  part  of  pure  fal  ammoniac,  and  an 
addition  of  one  or  more  parts  of  fcented  ethereal  oils  ad  libitum,  and  kept  in  a 
phial  well  flopped.  In  the  main  too  the  fait  of  hartfhorn  above  defcribed  re- 
lembles  this.  Of  liquid  volatile  oily  falts,  the  empyreumatic  urinous  fpirits, 
Sylvius’s  volatile  fpirit  (fal  volatile  oleofum  Sylvii),  likewife  what  is  called  Eau 
de  luce,  may  be  confidered  as  inftances.  For  the  latter,  Wiegleb  direfls  that  in 
two  drams  of  the  ftrongeft  alcohol  be  diffolved  from  fix  to  ten  drops  of  redified 
oil  of  amber,  and  afterwards  one  fcrupleof  white  foap;  to  this  mixture  is  then  to 
be  poured  an  ounce  of  thecauftic  volatile  alkali,  and  the  whole  well  fliaken  toge- 
ther. See  Eau  de  Luce. 

Metallic  foaps,  or  combinations  of  the  metallic  calces  with  oils,  are  moft  expe- 
ditioufly prepared  by  adding  a folution  of  foap  to  a folution  of  the  metal  in  an 
acid.  The  acid  and  the  alkali  unite,  and  the  metallic  calx  forms  in  general  an 
infoluble  combination  with  the  oil,  which  therefore  falls  down.  Fourcroy  thinks 
that  fome  of  thefe  might  be  ufeful  as  pigments. 

Various  other  faponaceous  bodies  may  be  mentioned,  which  exhibit  effects 
flmilar  to  that  of  foaps  upon  fubftances  and  other  bodies  infoluble  in  water,  and 
make  them  at  leaft  mifcible  with  it.  This  property  fugar  exhibits  with  refped: 
to  ethereal  oils,  almonds  in  fubftance,  the  yolk  of  eggs,  thick  mucilage  of  gum 
arabic,  gum  tragacanth,  the  kernels  of  quinces,  and  mallow  root,  upon  cam - 
phire,  turpentine,  wax,  and  different  refins ; to  effed;  which  purpofe,  foap  itfelf 
may  be  ufed  with  advantage. 

SOAP  STONE.  See  Lapis  Ollaris. 

SOAP-WORT.  See  Saponaria. 

SODA.  See  Alkaline  Mineral. 

SOIL.  See  Arable  Lands. 

SOLDERS  and  SOLDERING.  Solders  conAft  merely  of  Ample  or  mixed 
metals,  by  which  alone  metallic  bodies  can  be  firmly  united  with  each  other.  In 
this  refped  it  is  a general  rule,  that  the  folder  fhould  always  be  eafier  of  fufion  than 
the  metal  intended  to  be  foldered  by  it : next  to  this,  care  muft  alfo  be  taken  that 
the  folder  be  as  far  as  is  poflible  of  the  fame  colour  with  the  metal  that  is  to  be 
fold  e red. 

For  the  Ample  folders,  all  the  Ample  metals  may  be  ufed  according  to  the  na- 
ture of  the  metal  that  is  to  be  foldered.  For  fine  fteel,  copper,  and  brafs  work, 
gold  and  Alver  may  be  employed.  In  the  large  way,  however,  iron  is  foldered 
with  copper,  and  copper  and  brafs  with  tin.  The  moft  ufual  folders  are  the  com- 
pound, which  are  diftinguiftied  into  two  principal  clalfes,  viz.  hard  and  fotc 
folders.  The  hard  folders  are  dudtile,  will  bear  hammering,  and  are  commonly 
prepared  of  the  fame  metal  with  that  which  is  to  be  foldered,  with  the  addition  of 
i'ome  other  ; by  which  a greater  degree  of  fufibility  is  obtained,  but  which  is  not 
always  required  to  be  eafier  of  fufion.  Under  this  head  comes  the  hard  folder  for 
gold,  which  is  prepared  from  gold  and  Alver,  or  gold  and  copper,  or  gold,  Alver, 
and  copper.  The  hard  folder  for  Alver  is  prepared  from  equal  parts  of  Alver  and 
brafs,  but  made  eafier  of  fuAon  by  the  admixture  of  a fixteenth  part  of  zinc. 
The  hard  folder  for  brafs  is  obtained  from  brafs  mixed  with  a Axth,  or  an  eighth, 
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or  even  one  half  of  zinc,  which  may  alfo  be  ufed  for  the  hard  folder  or  copper.  It 
is  fold  in  the  (hops  in  a granulated  form,  under  the  name  of  Spelter  Solder.  The 
foft  folders  melt  eafily,  but  are  partly  brittle,  and  therefore  cannot  be  hammered. 
Of  this  kind  are  the  following  mixtures : tin  and  lead  in  equal  parts ; of  ftill 
cafier  fufion  is  that  confifting  of  bifmuth,  tin,  and  lead,  equal  parts;  or  of  two 
parts  of  bifmuth,  of  tin  and  lead  each  one  part. 

In  the  operation  of  foldering,  the  furfaces  of  the  metal  intended  to  be  joined 
muft  be  made  very  clean,  and  applied  to  each  other.  It  is  ufual  to  fecure  them 
by  a ligature  of  iron  wire,  or  other  fimilar  contrivance.  The  folder  is  laid  upon 
the  joint,  together  with  fal  ammoniac  or  borax,  or  common  glafs,  according  to  the 
degree  of  heat  intended.  Thefe  additions  defend  the  metal  from  calcination. 
Glaziers  ufe  refin  ; and  pitch  is  fometimes  employed. 

Tin  foil  applied  between  thejoints  of  finebrafs  work,  firfl  wettedvwith  a ftrong 
folution  of  fal  ammoniac,  makes  an  excellent  juncture ; care  being  taken  to  avoid 
too  much  heat. 

SOLUTION.  This  word  is  ufed  by  chemifts  to  denote  the  perfect  union  of  a 
fluid  fubftance  with  any  other  body.  It  is  applied  without  diftindtion  to  the  aCt  of 
union,  and  to  the  compound  refulting  from  that  adf.  The  fluid  is  called  the  fol- 
vent,  but  no  particular  appellation  has  been  given  to  the  bodies  diffolved. 

Solution  is  different  from  mere  mechanical  fufpenfion.  One  of  its  moft  diftin- 
guifhingcriterions  is  tranfparency  in  the  compound.  The  aCt  of  folution  being 
performed  at  the  furfaces  of  bodies,  will  be  more  fpeedy,  the  fmaller  the  particles. 
Hence  the  advantage  of  pulverizing  previous  to  folution.  See  Attraction. 

SONOROUSNESS.  Daily  experience  fhews  that  the  founds  emitted  by 
various  bodies  when  {truck  are  very  different.  On  the  nature  of  found,  writers 
upon  the  mechanical  philofophy  may  be  confulted.  The  fenfation  is  produced 
by  a tremulous  or  vibratory  motion  communicated  from  the  fonorous  body  to  the 
organ  of  the  ear.  The  medium  of  communication  feemsto  admit  of  no  exclulion; 
but,  as  far  as  we  yet  know,  the  found  is  communicated  to  greater  diftances  un- 
diminifhed,  thedenfer  and  perhaps  the  more  elafticthe  fubjedt  of  communication. 
Thus  Dr.  Franklin  found  that  the  ftriking  of  two  Hones  together  underwater  was 
audible,  with  no  apparent  diminution,  at  the  diftanceof  two  miles,  by  an  obferver 
whofe  head  was  plunged  in  the  fame  continued  mafs  of  water.  And  fo  likewife 
the  fcratching  of  a pin,  or  the  beating  of  a watch,  may  be  very  diftinCtly  heard  from 
one  end  to  the  other  of  apiece  of  timber  of  any  length,  if  the  ear  be  applied  clofe 
to  the  timber,  or  if  it  be  preffed  between  the  teeth,  even  though  the  ears  be  clofed. 
The  air  of  the  atmofphere  is  however  the  common  medium  of  found.  By  expe- 
riments with  ftretched  firings,  bells,  and  other  mufical  inftruments,  it  is  not  only 
found  that  vibration  is  the  caufe  of  'found,  but  the  aCtual  frequency  of  thofe 
vibrations  may  be  numerically  afcertained.  Intenfity  of  found  depends  on  the 
force  of  each  vibration,  and  acutenefs  on  their  frequency.  Hence  the  fonorous 
qualities  of  bodies  and  other  metals  mull  depend  in  a great  meafure  on  their  elafti- 
city,  and  confiderably  on  their  figure  and  denfity. 

SOOT  is  a collection  of  fubftances  formed  by  the  matter  of  the  flame  of  in- 
flammable bodies,  but  which  have  efcaped  combuftion  from  not  having  fufficient 
contaCl  with  the  air.  This  matter,  which  fixes  itfelf  to  the  internal  furface  of 
chimnies,  is  always  of  a black  colour,  more  or  lefs  brownifh.  This  colour  it 
receives  from  an  oil  that  is  burnt  and  half  reduced  to  the  ftate  of  coal. 

As  all  inflammable  bodies  undergo  a total  decompofition  during  their  inflam- 
mation, all  the  volatile  principles  which  they  contain,  and  even  a part  of  the 
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fixed  principles,  by  means  of  thofe  which  are  volatile,  are  raifed  in  vapours,  fome 
part  of  which  burns  with  flame,  is  totally  diflipated  in  the  elaftic  ftate,  and  another 
part  is  fublimed,  and  adheres  to  the  firft  cold  bodies  which  it  meets. 

. Soot  is,  as  we  have  nowobferved,  the  portion  of  fuel  which  is  reduced  to  black 
fmoke,  and  which  has  not  been  inflamed  from  want  of  fufficient  contact  with  air. 
For  if  the  vapours  exhaling  from  an  inflammable  body  ftrongly  heated  were  fo 
rarefied,  that  each  of  their  parts  fhould  be  altogether  furrounded  by  air,  they 
would  all  burn  with  flame ; and  then  we  (hould  have  no  fmoke  or  foot,  or  at  leaft 
this  foot  would  not  be  black,  and  would  contain  nothing  inflammable.  For  which 
reafon  the  greater  quantity  of  air  is  admitted  amongft  bodies  which  burn  with 
flame,  the  lefs  fmoke  and  foot  we  have  ; and  alfo,  the  foot  proceeding  even  from  \ 
bodies  of  the  fame  kind  mult  be  very  different,  according  to  the  manner  in  which 
they  are  burnt.  See  Light.  In  general,  we  can  fay  nothing  that  will  be  con- 
ftantly  applicable  tp  the  nature  and  principles  of  foot,  as  its  differences  arife  not 
only  from  the  caufes  above  mentioned,  but  alfo  from  the  nature  of  the  inflam- 
mable fubftances  which  produce  it.  Thus  vegetables,  from  which  little  or  no 
volatile  alkali  is  obtained,  muff  furnilh  a foot  different  from  that  of  animal  mat- 
ters ; and  the  foot  of  a pure  oil  rnuft  be  different  from  that  of  a plant  containing 
all  its  principles.  But  thefe  differences  have  not  yet  been  obferved,  becaufe  che- 
miffs  have  not  attended  to  this  fubjedt. 

We  know  only  that  the  ordinary  foot  of  chimnies  has  an  acrid,  bitter,  empy- 
reumatic  and  difagreeable  tafte ; that  water  can  extradt  from  it  a dufky-coloured 
matter,  which  ffiews  that  it  contains  faline,  oily,  faponaceous  parts;  that  it  is  ca- 
pable of  being  again  burnt  very  vividly  and  with  much  flame,  as  when  chimnies 
are  fet  on  fire. 

If  this  foot  be  diflilled  in  a retort,  we  obtain  from  it  phlegm,  volatile  alkali, 
partly  concrete  and  partly  liquid,  a black  empyreumatic  oil,  and  in  the  retort 
much  coal  remains,  from  which  fixed  alkali  may  be  extracted  by  incineration  and 
lixiviation.  Some  acid  alfo  may  poffibly  be  obtainable  from  certain  foots ; and 
generally  towards  the  end  of  the  diflillation,  when  the  heat  is  ftrong,  a little  fal 
ammoniac  is  fublimed. 

As  every  foot,  even  that  which  proceeds  from  vegetable  matters,  contains  a good 
deal  of  volatile  alkali,  Macquer  infers  that  the  principles  of  vegetables  fuffer  by 
combuftion  in  an  open  fire,  changes  fimilar  to  thofe  occafioned  by  putrefaction, 
Befides,  the  quantity  of  fixed  coal  which  remains  after  the  diflillation  of  foot,  and 
which  furnifhes  a fixed  alkali,  together  with  much  earth,  by  incineration,  (hews  that 
a very  confiderable  . quantity  of  the  fixed  principles  of  inflammable  bodies  is  car- 
ried off,  and  even  raifed  to  a great  height,  by  means  of  their  combuftion  with 
flame  : but,  as  we  have  faid,  foots  are  very  different ; and  the  matter  is  but  little 
known,  and  requires  further  refearches. 

SORREL,  SALT  OF.  For  die  purpofe  of  preparing  fait  of  wood-forrel, 
oxalis  acetofella  Linn,  the  wood-forrel  is  bruifed  in  a mortar,  and  the  whole  of  its 
juice  exprefled.  After  it  has  flood  for  fome  time,  the  grofler  earthy  particles 
fubfide  to  the  bottom,  and  the  liquor  becomes  limpid  and  clear,  after  which  it  is 
filtered.  The  clear  juice  is  then  evaporated  to  lefs  than  one  half,  and  fet  by  in  a 
cool  place  to  cryftallize.  After  fome  time,  the  remaining  liquor  is  poured  off* 
from  the  cryftals,  and  then  evaporated,  filtered,  and  cryftallized  afrefh.  This 
procefs  is  continued  till  the  whole  of  the  fait  is  extradted  from  the  juice.  Accord- 
ing to  Savary’s  experiments,  fifty  pounds  of  frefh  wood-forrel  yielded  twenty-five 
pounds  of  juice,  from  which  were  obtained  two  ounces  and  a half  of  pure  fait. 
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This  fait  confifts  of  a peculiar  acid,  which  for  this  reafon  is  called  acid  of  wood- 
forrel,  united  to  vegetable  fixed  alkali,  as  Wiegleb  proved  in  an  exprefs  treatife  on 
the  fubjedh  Confequently  it  is  a neutral  fait,  fuperfatu rated  with  acid.  When 
it  is  combined  with  more  alkali,  fo  as  to  be  faturated  with  it,  peculiar  neutral 
•falts  are  produced  by  it.  From  the  faturation  of  fait  of  wood-forrel  with  mineral 
alkali,  Wenzel  obtained  a few  fmall  cryftals  only,  refembling  alum.  The  greater 
part  of  them  (hot  up  perpendicularly  into  the  air,  from  the  fides  of  the  vefiel ; and 
preferved  indeed  their  form  in  the  air,  but  were  eafily  drffolved  in  water.  So  that 
in  this  fait  two  different  kinds  of  alkali  were  combined  with  the  acid.  Three  hun- 
dred and  feventy-feven  grains  of  fait  of  forrel  (till  faturated  two  drachms  of  very 
dry  mineral  alkali  with  the  redundant  acid  it  contained.  Salt  of  forrel  faturated 
with  the  ordinary  fixed  alkali  produced  a neutral  fait,  which  according  to  Wenzel 
partly  concreted  in  long  prifmatic  cryftals ; though  the  greater  part  of  the  cryftals 
were  compofed  of  large  lamina;,  lying  one  upon  the  other,  with  four,  fix,  and 
more  diffimilar  furfaces.  Here,  no  more  than  two  hundred  and  ninety-four  grains 
of  fait  of  Wood -forrel  were  requifitefor  fatu rating  two  drams  of  the  ordinary  alkali, 
with  the  redundant  acid  contained  in  them.  According  to  Wiegleb’s  own  expe- 
riments upon  two  different  forts  of  fait  of  wood-forrel,  half  an  ounce  of  one  of 
them  took  four  drams  and  a half  of  fait  of  tartar  to  faturate  it,  while  the  fame 
quantity  of  the  other  required  no  more  than  three  drams  and  a half.  From  the 
former  fort  he  obtained  laminated,  oblong,  rhomboidal  cryftals,  which  had  con- 
creted one  over  the  other,  almoft  in  the  fame  manner  as  the  fait  of  forrel  itfelf. 
From  the  latter  fort  he  obtained  a neutral  faky  of  which  fome  of  the  cryftals  were 
extremely  fmall,  and  cohered  together,  while  others  were  large,  with  rhomboidal 
furfaces,  and  pretty  much  refembled  borax.  Thefe  neutral  falts  precipitate  the 
earth  from  fpring  water,  and  rafte  almoft  like  cryftallized  foluble  tartar.  Salt  of 
forrel  faturated  with  volatile  alkali  yields  a peculiar  fait,  in  which  the  pure  acid  is 
faturated  with  the  ordinary  fixed  and  the  volatile  alkali,  and  which,  according  to 
Wenzel,  concretes  into  cryftals  in  fhape  refembling  needles,  and  does  not  deli- 
quefce  when  expofed  to  the  open  air. 

Salt  of  forrel  afts  upon  various  fubftances  without  decompofition.  With  pon- 
derous earth,  magnefia,  vegetable  alkali,  and  volatile  alkali,  it  forms  triple  falts. 
Lime  decompofes  it  by  feizing  the  whole  of  the  acid,  and  difengaging  the  alkali. 
The  attraftion  of  this  acid  for  lime  is  fo  ftrong,  that  it  cannot  be  difengaged  from 
it  by  any  other  acid  : another  procefs  is  therefore  neceffary  to  be  ufed  for  obtain- 
ing it.  With  this  intention,  thefuperabundant  acid  is  to  be  faturated  with  vola- 
tile alkali ; and  into  this  folution  muft  be  poured  a folution  of  ponderous  earth  in 
the  nitrous  acid.  The  laft-mentioned  acid  combines  with  the  alkalis,  forming 
nitroqs  ammoniac  and  common  nitre,  both  which  remain  in  folution ; while  the 
ponderous  earth,  combining  with  the  acid  of  forrel,  forms  an  infoluble  compound 
which  falls  to  the  bottom.  This  precipitate,  after  being  well  wafhed,  may  be 
clecompofed  by  the  addition  of  vitriolic  acid,  which  feizes  the  earth,  and  likewife 
■forms  an  infoluble  combination,  while  the  acid  is  fet  at  liberty.  After  decantation 
of  the  clear  liquid,  it  muft  be  aflayed  by  pouring  into  it  a little  at  a time  of  the 
Foiling  hot  folution  of  ponderous  earth  in  the  acid  of  forrel.  If  there  be  any 
excefs  of  vitriolic  acid;  a precipitate  will  be  formed  by  its  union  with  the  ponderous 
earth.  A due  evaporation  and  cooling  of  this  liquor  afford  the  acid  of  forrel  in 
prifmatic  four-fided  cryftals  or  fquare  plates.  It  is  the  fame  acid  as  that  of  fugar. 
See  Acid  of  Sugar. 

For  our  knowledge  of  this  fait,  and  the  true  nature  and  method  of  regenerating 
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it  by  art,,  we  are*  indebted  to  the  immortal  Scheele.  The  analogy  of  this  fait 
with  the  acid  of  fugar  induced  him  to  examine  it  farther;  and  after  a few  unfuc- 
eefsful  attempts,  he  difcovered  the  mode  of  regenerating  it.  Having  diflolved 
as  much  acid  of  fugar  in  cold  water,  as  the  water  could  take  up,  he  added  to  this 
folution  forne  lixivium  of  tartar,  drop  by  drop,  wailing  a little  after  each  drop  ; 
and  found  the  mixture,  during  the  effervefcence,  full  of  fmall  cryftals,  which 
were  genuine  fait  of  wood-forrel.  The  identity  of  the  acid  of  wood-forrel  with 
that  of  fugar  has  not  only  been  proved  by  Scheele  himfelf,  but  by  feveral  other 
ehemifts,  particularly  Mr.  Klaproth  of  Berlin,  by  means  of  a very  curious  and 
ftriking  experiment.  This  gentleman  precipitated  a folution  of  quickfilver  in 
nitrous  acid,  with  fait  of  wood-forrel  perfectly  neutralized  by  vegetable  alkali, 
and  obtained  a white  precipitate,  which  when  edulcorated  and  dried,  and  gently 
heated  in  a-  tea-fpoon,  produced  a fulminating  noife  not  inferior  to  that  of 
fulminating  gold.  Acid  of  fugar,  perfedly  neutralized  with  vegetable  alkali, 
afforded  the  fame  precipitate,  and  exhibited  the  fame  fulminating  power..  Hence 
they  are  now  very  properly  confounded  together. 

SOUP.  See  Gellv.. 

SPAR.  Naturalifts  and  chemifts  have  given  this  name  to  certain  cryftallized 
ftones,  more  or  lefs  tranfparent,  which  generally  do  not  ftrike  fire  with  Reel,  and 
which  are  found  plentifully  within  the  earth,  but  more  efpecially  in  mines  of 
metals. 

Under  this  genera]  name  many  ftones  are  comprehended  ; becaufe  they  have 
the  general  properties  we  have  mentioned,  and  becaufe  they  refemble  each  other 
by  the  form  of  their  cryftallization,  in  which  we  always  perceive  fhining  plates, 
like  mirrors  ; but  fome  of  thefe  {tones  are  very  different  from  others. 

Some  fpars  are  entirely  foluble  with  effervefcence  in  acids,  forming  felenites 
with  vitriolic  acid,  deliquefcent  falts  with  nitrous  and  marine  acids,  and  being 
convertible  into  quick-lime  by  calcination.  Thefe  (tones  are  juftly  called  calca- 
reous fpars.  They  confift  of  lime  and  fixed  air. 

Others,  although  entirely  fimilar  to  thefe  in  appearance,  do  not  effervefce 
with  acids,  are  calcinable  as  gypfum.  and  felenites  are,  and  are  in  fad  true 
felenites  compofed  of  vitriolic  acid  and  calcareous  earths.  Thefe  fpars  are 
effentially  different  from  the  former,  and-  are  gypfeous  or  felenitic  fpars,  They, 
confift  of  lime  and  vitriolic  acid. 

Other  fpars- are  neither  calcareous  nor  felenitic,  do  not  lofe  their  tranfparency 
in  the  fire,  and  feem  to  be  of  the  nature  of  talc.  See  the  article.  The  word 
fpar  is  feldom  applied  to  talcs  at  prefent. 

Laftly,  a kind  of  (tone,  cryftaUized  in  mirror-like  plates,  like  a true  fpar, 
a-lmoft  opake,  indiffoluble  by  acids,  and  fo  much,  harder  than  all  other  fpars-- 
as  to  be  capable  of  finking  fire  with  fteel.  This  (tone  is  fufible  without  addition,, 
by  the  adion  of  a violent  fire,  into  a femi- tranfparent  white  matter.  It  feems 
to  be  the  kind  that  Wallerius,  Pott,  and  other  German  authors,  call  fufible 
fpars.  They  alfo  mention  another  fpar,  which  is  compad,  breaks  like  glafs,. 
and  melts  without  addition. 

From  the  defcriptions  given  by  moft  authors,  we  cannot  eafily  difcover  wliat: 
they  mean  by  fufible  fpar,  and  by  quartz- fpar.  Thefe  matters  have  not  yet  been 
fufficiently  examined. 

From  the  properties  of  all  the  fubftances  called  fpars,  it  may  be  inferred  that 
they  are  (tones  of  all  kinds,  very  different  from  each  other,  which  being  formed' 
in  metallic  grounds,  have  coAtraded,  either  by  the  mixture  of  fome  metallic 
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earths,  or  otherwife,  fome  properties  common  to  all,  or,  at  lead,  to  the  greatefl 
number, 

Thefe  properties  enumerated  by  Macquer  are,  1.  A certain  form  of  Ihiniag 
lamina;  in  their  cryftallization,  which  appears  even  in  thofe  ^he  figure  of  whofe 
cryftals  feems  leaft  difpofed  to  receive  this  form,  as  in  thofe  Whiclr  are  firiated  ; 
for  fparry  lamina;  are  diftinguifhable  at  the  extremities  of  thW  ftris,  or  bundles 
of  ftrire,  of  which  thefe  fpars  are  compofed. 

2.  A greater  fpecific  gravity  than  of  other  ftones.  Som£  fpars,  efpecially 
thofe  called  heavy  fpars,  are  fo  very  heavy,  that  they  come  hear  in  this  refped 
tometals. 

3.  A greater  fufibilily  than  of  other  ftones ; for,  befides  thefe  fpars  which  are 
fufible  without  addition,  the  mixture  of  fpars  facilitates  the  fufion  of  moft  other 
earths  and  ftones,  and  they  are  accordingly  ufed  as  fluxes  in  the  fmelting  of  moft: 
metallic  ores.  Probably  for  this  reafon,  thefe  ftones  have  been  called  fluors  by 
many  mineralogifts  and  metallurgifts. 

Laftly,  many  fpars  are  found  coloured  by  metallic  matters,  and  refemble  the 
feveral  precious  ftones,  though  they  are  lefs  beautiful  and  vivid. 

To  the  above  paflages  of  Macquer  his  annotator  adds  the  following,  which 
I have  altered  in  a few  places. 

The  name  of  fpar  is  given  to  many  ftones  of  different  properties  and  appear- 
ances, which  do  not  poflefs  conftantly  any  one  common  charader  or  mark  by 
which  they  may  be  certainly  diftinguiftied  from  other  ftones.  In  general,  we 
may  obferve,  that  they  are  moft  frequently  found  in  mines,  and  that  they  for  the 
moft  part  confift  of  fmooth  and  (hining  plates  or  laminte  ; that  fome  are  tranfpa- 
rent,  and  others  opake  ; that  fome  are  colourlefs,  and  others  are  coloured ; that 
they  are  cryftallized  in  various  determinate  figures,  or  poflefs  no  determinate 
ftiape  ; and  laftly,  that  they  differ  fo  much  in  hardnefs,  denfity-,  degree  of  fufi- 
bility,  and  in  their  moft  eflential  chemical  properties,  that  they  cannot  be  con- 
fidered  as  forming  a diftindt  clafs  of  foffil  fubftances.  We  need  not  wonder 
therefore,  that  authors,  efpecially  thofe  who  have  not  been  much  accuftomed  to 
the  examination  of  foffil  bodies,  fhould  have  given  very  corvfufed  and  indiftind 
defcriptions  of  fpars.  Many  of  them  have  not  been  fufficiently  examined  ; but 
thofe  of  which  we  have  acquired  fome  knowledge  we  fliall  endeavour  to  diftin- 
guilh  into  their  feveral  different  kinds. 

The  feveral  ftones  to  which  the  name  of  fpar  has  been  given  are,  the  calca- 
reous, the  ponderous,  the  gypfeous,  the  fluors,  and  felt  fpar. 

1.  Calcareous  fpars  are  foft,  heavy  ftones,  which  have  the  common  chemical 
properties  of  calcareous  earth.  Their  texture  is  laminated.  Some  of  them  have 
no  determinate  figure,  and  others  from  their  form  are  called  rhomboidal.  Some 
fpars,  called  dog’s-tooth  fpar,  have  a pyramidal  figure;  but  when  thefe  are 
broken,  their  fragments  fliew  that  they  alfo  confift  of  rhomboidal  particles. 

Some  rhomboidal  fpars  are  tranfparent,  others  are  opake  ; fome  are  colourlefs, 
and  others  are  coloured;  laftly,  fome  of  them  have  a Angular  property  of 
refrading  doubly  the  rays  of  light  which  pafs  through  them,  and  thereby  of 
reprefenting  any  objed ; as  for  inftance,  the  letters  of  a book,  feen  through  it, 
double.  This  fpar  has  been  called  ifland  cryftal,  or  refrading  fpar.  Its  figure 
is  that  of  an  oblique  parallelopiped,  contained  within  fix  parallelogrammic  fides, 
and  eight  folid  angles.  Each  of  the  obtufe  angles  of  the  parallelograms  is  icy 
degrees  and  52  minutes ; and  each  of  the  acute  angles  is  78  degrees  and  8 
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minutes.  Thefe  are  the  dimenfions  given  by  Sir  Ifaac  Newton  of  the  angles  of 
the  fides  of  the  refrading  fpar. 

Calcareous  fpars  may  be  diftinguiflied  from  others  by  effervefcing  with  acids. 

■2.  .Gypfeous  or  felenitic  fpars.  Thefe  are  vitriolated  lime,  diftindly  crys- 
tallized. The  form  of  the  cryftals  is  rhomboidal.  They  arealfo  called  felenites 
and  glacies  Marise.  Sometimes  thefe  fpars  affume  other  forms. 

3.  The  ponderous  fpars  are  compounds  of  the  ponderous  earth,  either  with 
fixed  air  or  vitriolic  acid.  The  firft  of  thefe,  which  was  difcovered  by  Dr. 
Withering,  as  mentioned  under  the  article  Earth  Ponderous,  ufually  refembles 
alum,  and  affeds  a fibrous  cryftallization  diverging  from  a centre.  It  has  the 
femi-tranfparency  and  appearance  of  alum.  The  native  fpecimen  examined  by 
Dr.  Withering  contained  20,8  parts  of  fixed  air,  78,6  of  ponderous  earth,  and 
the  remainder  the  vitriolic  ponderous,  fpar,  without  any  water.  In  this  laft  refped 
it  differs  much  from  the  aerated  ponderous  earth  of  Bergman,  which  he  obtained 
by  precipitation  from  its  folvent  by  mild  alkali.  This  contained  28  parts  water, 
7 fixed  air,  and  65  ponderous  earth.  The  fixed  air  of  the  artificial  compound 
could  be  expelled  by  heat.  But  that  of  the  natural  fpar  adhered  fo  ftrongly, 
probably  on  account  of  the  abfence  of  water,  that  it  underwent  fufion  rather 
than  part  with  it.  This  fpar,  as  well  as  the  vitriolic,  is  eminently  diftinguifhable 
by  its  great  fpecific  gravity,  which  amounts  to  4,338,  and  is  emulated  by  no 
other  unmetallic  earth  but  the  adamantine  fpar,  which  is  very  fcarce,  at  leaft 
in  Europe. 

The  common  ponderous  fpar,  or  compound  of  ponderous  earth  and  vitriolic 
acid,  has  been  called  marmor  metallicum,  fpar-like  gypfum,  Bononian  ftone,  and 
barofelenite.  It  is  found  with  various  degrees  of  tranfparency,  from  perfect 
clearnefs  to  opacity.  Of  the' regularly  cryftallized  fort,  Mr.  Thompfon  fhewed 
Magellan  fome  fine  fpecimens,  and  remarked,  that  it  feems  to  affeft  the  pecu- 
liarity of  having  its  cryftals  laminated,  as  radiating  from  a centre:  but  this 
radiation  feldom  amounts  to  a whole  circle.  The  corners  of  thefe  flat  cryftals 
are  truncated,  like  thofe  of  alum,  and  are  thicker  in  one  fide  than  in  the  other  of 
each  parallelogram,  fo  as  to  fit  one  another  in  the  arch  of  the  kind  of  vault  they 
form  together ; and  have  fome  fmall  ones  adhering  to  their  fides,  like  drufen 
fpars,  leaving  internal  angles,  as  the  macles  of  the  French,  or  the  cruciform 
cryftallizations.  In  feveral  of  the  cryftals  prefented  to  me  by  that  a&ive  culti- 
vator of  the  fciences,  the  general  outline  was  that  of  a right-angled  parallelogram, 
and  the  principal  truncatures,  namely  of  the  corners,  formed  angles  of  45  degrees. 
The  internal  fififures,  >which  refembled  thofe  of  the  common  calcareous  fpar, 
have  likewife  this  pofition  with  refpedt  to  each  other;  which  circumftance joined 
to  that  of  their  great  weight  appeared  to  bediftindlive  criterionsof  this  fubftance. 
The  fpecific  gravity  of  thefe  cryftals  proved  to  be  4,75. 

The  opake  cryftals-  are  either  white,  or  reddilh,  from  a flight  admixture 
of  iron. 

The  opake  fawn  coloured  fpecimens  of  vitriolated  ponderous  earth,  known  by 
the  name  of  cauk,  are  common,  and  affedt  the  peculiar  figure  of  an  affemblage 
of  fmall  convex  lenfes  fet  together  edgeways.  This  is  generally  diftinguilhed  by 
the  name  criftated  by  mineralogifts.  Its  fpecific  gravity  is  fcarceiy  inferior  to  that 
of  the  tranfparent  fpecimens. 

4.  Floors.  Of  the  fpars  called  fluors,  we  have  treated  under  the  article 
Fluor. 

5.  Adamantine  fpar.  See  the  article.  Dr.  Combe  fhewed  me  a piece  of  ftone 
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from  the  Eaft-Indies,  of  retnirkable  hardnefs,  fappofed  to  be  u fed  in  polifliing 
jewels.  Its  whole  figure  was  fuch  as  art  had  left  it.  Two  Tides  were  flat,  appa- 
rently from  having  been  fawed  with  diamond  duft.  It  had  the  appearance  of 
being  part  of  a larger  plate.  Its  thicknefs  was  about  a quarter  of  an  inch.,  the 
flat  Tides  were  unpolifhed  ; but  a number  of  fmall  fpherical  polifhed  concavities 
had  been  made  in  thofe  furfaces,  for  Tome  ufe  about  which  I received  no  infor- 
mation. its  colour  was  of  a dark  green,  like  bottle-glafs.  To  dark  as  to  appear 
almoft  opake.  When  held  to  the  light,  Tome  cloudy  ftrait  {freaks  were  Teen 
within  it,  refembling  thofe  of  certain  fpars,  and  fome  agates.  It  had  one  (hake 
or  flaw  acrofs  the  direction  of  the  parallel  ftreaks,  and  on  the  whole  was 
evidently  a natural  produ&ion.  It  very  eafily  marked  agate,  quartz  and  other- 
hard  ftones,  and  is  (aid  to  yield  in  hardnefs  only  to  the  diamond,  which  I found 
fcratched  it  without  any  difficulty.  Its  weight  was  89,2  grains,  and  it  loft  by 
immerfion  in  water  22,25  grains.  Whence  its  fpecific  gravity  is  deduced  4,09. 

SPECIFIC  GRAVITY.  See  Gravity  Specific. 

SPECULARIS  LAPIS,  a name  occafionally  given  to  the  clear  vitriolated 
lime,  or  gypfeous  (par. 

SPECULUM.  When  tin  is  melted  with  copper,  it  compofes  the  compound 
called  bronze.  In  this  metal  the  fpecific  gravity  is  always  greater  than  would  be 
deduced  by  computation  from  the  quantities  and  fpecific  gravities  of  its  compo- 
nent parts.  The  ufes  of  this  hard,  fonorous,  and  durable  compofition,  in  the 
fabrication  of  cannon,  bells,  ftatues,  and  other  articles,  are  well  known.  Bronzes 
and  bell-metals  are  not  ufually  made  of  copper  and  tin  only,  but  have  other- 
admixtures,  confiding  of  lead,  zinc,  or  arfenic,  according  to  the  motives  of 
profit,  or  other  inducements  of  the  artift.  But  the  attention  of  the  philofopher 
is  more  particularly  directed  to  the  mixture  of  copper  and  tin,  on  account  of  its 
being  the  fubftance  of  which  the  fpeculums  of  reflecting  telefcopes  are  made. 
The  metal  required  for  this  purpofe  ought  to  be  capable  of  an-  exquifite  polifh, 
hard  enoqgh  to  receive  and  retain  a figure  accurately  fuited  to  the  regular 
reflection  of  light,  and  not  fubjeCt  to  become  tarnifhed  by  the  aCtion  of  the 
atmofphere.  Many  excellent  telefcopes  have  been  made  with  compofitions  of 
pure  copper,  alloyed  with  fomewhat  lefs  than  half  its  weight  of  tin.  But  it 
appears  to  be  very  well  afcertained,  from  the  obfervations  of  the  aftronomer 
royal,  that  the  fpeculums  of  Mr.  Edwards,  whofe  compofition  was  the  refult  of 
numerous  trials,  are  much  fuperior  to  any  which  have  yet  been  made,  and  are 
even  equal  in  light  to  acromatic  telefcopes  of  the  fame  aperture,  without  altering 
the  colours  of  objefts.  He  firft  melts  32  parts  of  copper  as  fluid  as  poflible, 
with  one  part  of  brafs,  and  one  of  filver,  together  with  the  black  flux  ; at  the 
fame  time  that  15  parts  of  tin  are  melted  in  a feparate  crucible.  Thefe  being 
taken  from  the  fire,  he  pours  the  tin  to  the  copper ; immediately  ftirs  the  whole 
together  with  a wooden  fpatula,  and  pours  it  out  haftily  into  a large  quantity  of 
cold  water,  which  cools  and^granulates  the  compofition.  If  the  tin  were  fufed 
together  with  the  copper,  or  if  they  were  to  remain  for  any  length  of  time  in  the 
extreme  heat  which  is  neceflary  to  fufe  this  laft  metal,  a part  of  the  tin  would 
be  calcined,  and  the  metal  would  abound  more  or  lefs  with  fmall  microfcopic 
pores.  If  one  of  the  pieces  of  the  cold  metal  be  broken,  it  will  appear  of  a 
moft  beautiful  bright  colour,  refembling  quickfilver.  Mr.  Edwards  affirms, 
that  different  kinds  of  copper  require  different  dofes  of  tin  to  produce  the  moft 
perfed  whitenefs.  If  the  dofe  of  tin  be  too  fmall,  which  is  the  fault  moft  eafily 
•remedied,  the  compofition  will  be  yellowifh  ; if  it  be  too  great,  the  compofition 
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will  be  of  a gray  blue  colour,  and  dull  appearance.  Pie  therefore  finds  by  trial 
the  quantity  of  tin  neceflary  to  be  added  in  the  fecond  fufion  to  render  the  metal 
the  mod  perfect.  A much  lefs  degree  of  heat  is  then  required  to  melt  the 
compound.  In  the  fecond  melting  he  adds  one  part  of  arfenic,  and  immediately 
ftirs  the  mixture  ; which  he  pours  into  the  mould  as  foon  as  the  fumes  of  the 
arfenic  have  eeafed  to  rife.  He  calls  the  fpeculum  in  fand,  with  the  face  down- 
wards ; takes  it  out  while  red-hot,  and  places  it  in  hot  wood  allies  to  cool; 
without  which  precaution  it  would  break  in  cooling. 

As  the  conftrudtion  of  telefcopes  is  foreign  to  the  immediate  purpofe  of  this 
work,  it  has  not  been  thought  neceflary  to  mention  the  feveral  precautions  of 
Mr.  Edwards  in  this  bufinefs ; but  the  curious  operator,  who  may  wilh  to 
undertake  the  conftru&ion  of  a refledting  telefcope  (the  better  kinds  of  which 
are  not  only  difficult  to  be  procured,  but  of  confiderable  price),  may  have  recourfe 
to  Edwards’s  treatife,  annexed  to  the  Nautical  Almanack  for  1787;  where  he 
will  find  ample  inftrudtions  for  that  purpofe. 

The  compofition  of  metal  for  fpeculums,  previous  to  the  invention  of  the 
reflefting  telefcope,  was  in  the  hands  of  artills,  and  did  not  require  that  extreme 
perfe&ion  with  regard  to  denfity  and  other  properties,  which  the  fpecula  of  thofe 
inftruments  demand.  Experience  Ihewed  them  that  arfenic  is  a valuable  ingre- 
dient in  thefe  mixtures ; but  fpeculative  philofophers,  reafoning  from  the  faline 
property  of  that  fubftance  before  it  was  known  that  it  can  be  reduced  to  a metallic 
regulus,  were  apprehenfive  that  it  would  increafe  the  difpofition  to  tarnifh.  I 
conjecture  that  Mr.  Edwards’s  compofition  might  be  improved  by  a greater 
proportion  of  arfenic,  or  at  leaft  by  adding  this  ingredient  in  an  earlier  llage  of 
the  procefs.  For  this  reafon,  1 lhall  here  infert  the  directions  which  Blancourt* 
in  his  Art  of  Glafs  gives,  as  the  belt  of  all  compofitions  for  whitenefs,  hardnefs, 
and  fufceptibility  of  an  exceeding  fine  polilh.  As  I do  not  anfwer  for  the  value 
of  this  receipt,  I fhall  give  it  in  the  author’s  own  words,  after  remarking  that  the 
oil  of  tartar  is  evidently  unneceflary ; that  the  gradual  management  of  the  heat 
on  a fand  bath,  is  probably  a ufelefs  refinement ; that  the  fubftitution  of  orpi- 
ment  for  arfenic,  as  he  recommends,  mull  be  noxious  ; that  by  latten  I underftand 
common  brafs,  of  which  there  are  various  kinds  ; and  that  the  addition  of  the  tin 
Ihould  be  made  in  the  fufed  ftate. 

Take  plates  of  copper,  one  pound,  mince  them  that  they  may  be  put  into  a 
crucible,  imbibing  them  with  oil  of  tartar  ; then  powder  a quarter  of  a pound  of 
white  arfenic,  and  put  thefe  S.  S.  S.  as  we  have  (hewn  the  method  elfevvhere, 
until  you  fill  the  crucible ; pour  on  them  afterwards  linfeed-oil  to  cover  the 
arfenic  and  the  copper;  head  and  lute  your  crucible  ; and  when  the  lute  is  dry, 
fet  it  on  a fand  furnace,  letting  the  fand  arife  no  higher  than  the  head  ; heat  the 
furnace  gently  till  it  arrive  at  a juft  degree,  and  the  oil  begins  to  evaporate  ; by 
this  time  the  oil  will  prepare  the  copper  for  retaining  the  arfenic,  which  muft 
enter  the  copper  as  eafily  as  oil  does  leather ; fet  it  again  on  frelh  fand,  and 
increafe  the  heat  of  the  furnace,  giving  it  the  fame  degree  as  before,  until  the  oil 
evaporate  and  boil  up  ; then  cake  off  the  crucible,  let  it  cool,  and  break  it,  you 
will  find  your  copper  of  feveral  colours,  and  would  be  much  better,  if  inftead 
of  arfenic  you  made  ufe  of  orpiment. 

Take  of  this  copper  one  part,  of  latten  two  parts,  melt  the  latten  on  a fmart 
fire,  and  fo  put  in  the  copper ; when  they  are  well  melted,  call  the  metal  drop 
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by  drop  into  a glazed  earthen  veffel  full  of  water,  over  which  lay  a bu(h  or 
broom  for  the  (luff  to  go  through  ; thus  you  will  have  a metal  not  to  be  touched 
with  a file,  nor  brittle,  as  good  as  any  (leel  for  all  ufes  whatfoever. 

Take  of  this  hard  metal,  three  parts,  and  bed  tin  of  Cornwall,  which  has  no 
lead  in  it,  one  part } melt  the  metal  before  you  put  in  the  tin ; after  thefe  are  well 
incorporated,  you  may  fill  your  moulds,  &c. 

SPEISS.  The  Bohemian  name  for  mifpickel,  which  fee. 

SPELTER.  Zinc  is  called  fpelter  in  commerce.  The  foft  brafs  containing 
a redundant  proportion  of  zinc,  and  fold  in  the  granulated  form  for  the  ufe  of 
artids  in  foldering,  is  called  fpelter  folder,  and  frequently  fpelter  only. 

SPERMACETI.  The  brain  of  a fpecies  of  whale,  purified  from  the  oily 
matter,  affords  a fat  of  a fingular  kind,  known  in  the  (hops  by  the  improper 
name  of  fpermaceti. 

The  fpermaceti  whale,  called  cetus  dentatus,  and  orca,  and  by  the  Englifli 
failors  employed  in  the  Greenland-fifhery,  torump,  jubart,  or  gibbart,  is 
fmaller  than  the  common  whale,  but  the  head  is  proportionably  much  larger, 
amounting  to  above  one-third  the  bulk  of  the  whole  body.  He  is  furniflied  with 
teeth,  which  the  other  is  not ; and  wants  the  flexible  bones  in  the  mouth,  called 
whale-bone,  which  the  other  has.  The  throat  is  alfo  remarkably  wider. 

One  of  thefe  fiflies  affords  fome  tons  of  brains,  which  are  fird  groflly  freed 
from  the  oil  by  draining  and  prefling,  and  afterwards  more  perfectly  purified  by 
(leeping  them  in  a ley  of  alkaline  fait  and  quick-lime,  which  diffolves  the  remains 
of  the  oily  matter  into  a faponaceous  liquid.  The  brains,  being  then  wafhed 
with  water,  appear  of  a filver  whitenefs ; and  nothing  more  is  required  to  com- 
plete the  preparation  than  to  cut  them  in  (hivers  with  wooden  knives,  and 
fpreading  them  abroad  to  dry.  Such  is  the  Ample  procefs,  by  which  this  profit- 
able commodity  is  prepared.  It  has  been  faid  that  fpermaceti  is  a natural 
concrete,  found  floating  on  the  furface  of  the  northern  feas  ; but  this  is  plainly  a 
falfe  report,  perhaps  calculated  to  prevent  enquiry  into  the  manner  of  its  pre- 
paration. 

Good  fpermaceti  is  in  fine  white  flakes,  glofly  and  femi-tranfparent,  foft  and 
unftuous  to  the  touch,  yet  dry  and  eafily  friable,  in  tafte  fomewhat  like  butter, 
of  a faint  fmelllike  that  of  tallow. 

It  is  apt  in  keeping,  if  not  carefully  fecured  from  the  air,  to  grow  yellowifli,  and 
contraft  a rancid  fifhy  fmell.  The  more  perfectly  it  has  been  purified  at  firft,  the 
lefs  fufceptible  it  is  of  thefe  alterations  ; and  after  it  has  been  fo  changed,  it  may 
be  reduced  white  and  fweet  again,  by  deeping  it  afre(h  in  a ley  of  alkaline  fait 
and  quick-lime. 

It  melts  in  a fmall  degree  of  heat,  and  congeals  again  as  it  cools.  Laid  on 
burning  coals,  it  emits  a fetid  fmell,  like  that  of  the  fnuff  of  a candle.  The 
contact  of  flame  does  not  fet  it  on  (ire,  but  with  a wick  it  burns  equally  with 
common  tallow- candles. 

In  didillation  it  totally  arifes,  leaving  no  coal  or  caput  mortuum  behind  ; from 
fpur  ounces  were  obtained  three  ounces  and  a half  of  oil,  and  a dram  and  a half 
of  phlegm  ; the  other  two  drams  and  a half  having  been  waded  or  diflipated 
in  the  procefs.  The  oil  is  not  a brown  or  black  fetid  empyreumatic  one,  like 
thofe  of  other  animal  fubdances ; but  clear,  yellowifli,  of  a butyraceous  con- 
fidence^ in  fmell  like  oil  of  wax,  like  which  all'o  it  coagulates  in  the  cold. 

Rectified  fpirit  of  wine,  digeded  and  boiled  with  fpermaceti,  takes  up  about 
half  a diam  out  of  half  an  ounce ; the  greated  part  fettles  to  the  bottom,  and 
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the  finer  particles  float  in  the  liquor,  in  appearance  like  flowers  of  ben- 
zoine. 

Water  long  digefted  or  boiled  with  it  extrads  nothing.  By  grinding  it  with 
fugar  or  almonds,  it  becomes  mifcible  with  water,  but  not  near  fo  perfedly  as  the 
vegetable  refins  do  by  the  fame  treatment ; on  (landing  for  a little  time,  the 
fpermaceti  feparates  and  floats  on  the  furface.  Yolks  of  eggs  unite  it  more  tho- 
roughly with  watery  liquors  : but  when  diflolved  by  thefe  alfo,  it  foon  feparates 
and  falls  to  the  bottom. 

Even  cauftic  alkaline  ley  does  not  difiblve  nor  unite  with  it  into  foap,  as  it  does 
with  all  other  fats;  and  hence  the  ufe  of  this  ley  in  its  preparation  and  purification. 
It  mingles  fufficiently  with  oils,  fats,  balfams,  refins,  butter,  wax,  &c. 

It  has  been  conjedured  that  this  fingular  fubflance  bears  the  fame  relation  to 
fat  oils  as  camphor  does  to  the  eflential  oils.  Wax  appears  to  have  the  fame 
relation  to  fixed  oils  as  refin  has  to  the  eflential  j that  is  to  fay,  both  have  been 
rendered  concrete  by  the  abforption  of  vital  air.  But  fpermaceti  and  camphor 
feem  to  differ  in  fome  other  leading  particular ; probably  in  the  abfence  of  acid, 
or  of  any  bafis  which  can  eafily  be  acidified  by  the  adion  of  nitrous  or  other  acids.- 
Much  information  would  no  doubt  be  derived  from  a careful  examination  of  the 
produds  which  thefe  feveral  fubftances  afford  by  combuflion. 

Excellent  candles  are  made  from  fpermaceti,  in  thofe  places  where  it  is  pre- 
pared, at  Bayonne,  at  St.  Jean-de-Luz,  &c.  In  England  there  are  many  ma- 
nufadories  of  thefe  candles ; and  within  thefe  few  years  fome  fuch  have  been 
eftablifhed  at  Paris. 

Spermaceti  appears  to  be  a medium  between  wax  and  tallow,  with  refped  to 
the  advantages  derived  from  it  with  a thin  wick.  See  Light. 

The  nitrous  and  the  muriatic  acids  are  incapable  of  ading  on  this  fubflance. 
The  concentrated  fulphuric  acid  diflolves  it,  and  at  the  fame  time  alters  its  colour; 
this  folution  is  precipitated  by  water,  like  oil  of  camphor. 

It  combines  with  fulphur  like  fixed  oils.  Hot  alcohol  diflolves  it  as  well  as 
fixed  and  volatile  oils,  but  differs  it  to  precipitate  by  cooling.  iEther  effeds  this 
folution  cold,  or  at  lead  without  the  help  of  a greater  heat  than  the  natural  warmth 
of  the  hand. 

The  attention  of  chemiffs  has  been  greatly  excited  by  the  fpontaneous  conver- 
fion  of  animal  matter  into  a fubflance  of  the  fame  nature  as  fpermaceti.  The 
fad  has  long  been  well  known,  and  is  faid  to  have  been  mentioned  in  the  works 
of  Lord  Bacon,  though  I have  not  feen  the  paffage.  On  the  occafion  of  the  re- 
moval of  a very  great  number  of  human  bodies  from  the  ancient  burying-place 
Des  Innocens  at  Paris,  fads  of  this  nature  were  obferved  in  the  mod  linking 
manner.  M.  De  Fourcroy  may  he  called  the  fcientific  difcoverer  of  this  peculiar 
matter,  as  well  as  the  laponaceous  ammoniacal  fubflance  contained  in  bodies 
abandoned  to  fpontaneous  deftrudion  in  large  mafles.  This  chemift  read  a Me- 
moir on  the  fubjed  in  the  year  1789  to  the  Royal  Academy  of  Sciences,  from 
which  I fli all  abffrad  the  general  contents  *. 

At  the  time  of  clearing  the  before  mentioned  burying-place,  certain  philofo- 
phers  wereTpecially  charged  to  dired  the  precautions  requifite  for  fecuring  the 
health  of  the  workmen.  A new  and  fingular  objed  of  refearch  prefented  itfelf, 
which  had  been  neceflarily  unknown  to  preceding  chemifts.  It  was  impofliblq 
to  foretell  what  might  be  the  contents  of  a foil  overloaded  for  fucceflive  ages 
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with  bodies  refigned  to  the  putrefa&ive  procefs.  This  fpot  differed  from  com- 
mon burying-grounds,  where  each  individual  objed  is  furrounded  by  a portion, 
of  the  foil.  It  was  the  burying-ground  of  a large  diftridt,  wherein  fucceffive  ge- 
nerations of  the  inhabitants  had  been  depoAted  for  upwards  of  three  centuries. 
It  could  not  be  forefeen  that  the  entire  decompofition  might  be  retarded  for 
more  than  forty  years ; neither  was  there  any-reafon  to  fufped  that  any  remark- 
able difference  would  arife  from  the  Angularity  of  fituation. 

The  remains  of  the  human  bodies  immerfed  in  this  mafs  of  putrefcence  were 
found  in  three  different  dates,  according  to  the  time  they  had  been  buried,  the 
place  they  occupied,  and  their  relative  fituations  with  regard  to  each  other.  The 
mod  ancient  were  limply  portions  of  bones,  irregularly  difperfed  in  the  foil, 
which  had  been  frequently  didurbed.  A fecond  date,  in  certain  bodies  which 
had  always  been  in  dilated,  exhibited  the  Hein,  the  mufcles,  tendons  and  apo- 
neurofes,  dry,  brittle,  hard,  more  or  lefs  gray,  and  Amilar  to  what  are  called 
mummies  in  certain  caverns  where  this  change  has  been  obferved,  as  in  the  ca- 
tacombs at  Rome,  and  the  vault  of  the  Cordeliers  at  Touloufe. 

The  third  and  mod  Angular  date  of  thefe  foft 'parts  was  obferved  in  the  bodies 
which  All  the  common  graves  or  repoAtories.  By  this  appellation  are  underdood 
cavities  of  thirty  feet  in  depth  and  twenty  on  each  Ade,  which  were  dug  in  the 
burying-ground  of  the  Innocents,  and  were  appropriated  to  contain  the  bodies  of 
the  poor  ; which  were  placed  in  very  clofe  rows,  each  in  its  proper  wooden  bier. 
The  necedity  for  difpoAng  a great  number  obliged  the  men  charged  with  this 
employment  to  arrange  them  fo  near  each  other,  that  thefe  cavities  might  be 
conAdered  when  Ailed  as  an  entire  mafs  of  human  bodies,  feparated  only  by. two 
planks  of  about  half  an  inch  thick.  Each  cavity  contained  between  one  thou- 
fand  and  Afteen  hundred.  When  one  common  grave  of  this  magnitude  was 
Ailed,  a covering  of  about  one  foot  deep  of  earth  was  laid  upon  it,  and  another 
excavation  of  the  fame  fort  was  made  at  fome  diftance.  Each  grave  remained 
open  about  three  years,  which  was  the  time  required  to  All  it.  According  to  the 
urgency  of  circumftances,  the  graves  were  again  made  on  the  fame  fpot  after  an 
interval  of  time  not  lefs  than  Afteen  years,  nor  more  than  thirty.  Experience  had 
taught  the  workmen  that  this  time  was  not  fufficient  for  the  entire  deftrudlion  of 
the  bodies,  and  had  fhewn  them  the  progreffive  changes  which  form  the  objedt  of 
M.  Fourcroy’s  Memoir. 

The  Arft  of  thefe  large  graves  opened  in  the  prefence  of  this  chemift  had  been 
clofed  for  Afteen  years.  The  biers  or  coffins  were  in  good  prefervation,  but  a 
little  fettled,  and  the  wood  (I  fuppofe  deal)  had  a yellow  tinge.  When  the 
covers  of  feveral  were  taken  off,  the  bodies  were  obferved  at  the  bottom,  leaving 
a conAderable  diftance  between  their  furface  and  the  cover,  and  Aattened  as  if 
they  had  fuffered  a ftrong  compreffion.  The  linen  which  had  covered  them  was 
flightly  adherent  to  the  bodies ; and,  with  the  form  of  the  different  regions, 
exhibited  on  removing  the  linen  nothing  but  irregular  maffes  of  a foft  dudtile 
matter  of  a gray  white  colour.  Thefe  maffes  environed  the  bones  on  all  Aides, 
which  had  no  folidity,  but  broke  by  any  fudden  preffure.  The  appearance  of 
this  matter,  its  obvious  compoAtion  and  its  foftnefs,  refembled  common  white 
cheefe  ; and  the  refemblance  was  more  ftriking  from  the  print  which  the  threads  - 
of  the  linen  had  made  upon  its  furface.  This  white  fubftance  yielded  to  the 
touch,  and  became  foft  when  rubbed  fora  time  between  the  Angers.. 

No  very  offenAve  fmell  was  emitted  from  thefe  bodies.  The  novelty  and  An- 
gularity of  the  fpedtacle,  and  the  example  of  the  grave-diggers,  difpelled  every 
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idea  either  of  difguftor  apprehenfion.  Thefe  men  afferted  that  they  never  found 
this  matter,  by  them  called  gras  (fat),  in  bodies  interred  alone ; but  that  the  ac- 
cumulated bodies  of  the  common  graves  only  were  fubjed  to  this  change.  On 
a very  attentive  examination  of  a number  of  bodies  palled  to  this  ftate,  M.  Four- 
croy  remarked  that  the  converfion  appeared  in  different  ftages  of  advancement, 
fo  that,  in  various  bodies,  the  fibrous  texture  and  colour,  more  or  lefs  red,  were 
difcernible  within  the  fatty  matter ; that  the  malfes  covering  the  bones  were  en- 
tirely of  the  fame  nature,  offering  indiftindly  in  all  the  regions  a gray  fubftance 
for  the  mofl  part  foft  and  dudile,  fometimes  dry,  always  eafy  to  be  feparated  in 
porous  fragments,  penetrated  with  cavities,  and  no  longer  exhibiting  any  traces 
of  membranes,  mufcles,  tendons,  veffels,  or  nerves.  On  the  firft  infpedion  of 
thefe  white  malfes,  it  might  have  been  concluded  that  they  were  limply  the  cel- 
lular tilfue,  the  compartments  and  velicles  of  which  they  very  well  reprefented. 

By  examining  this  fubftance  in  the  different  regions  of  the  body,  it  was  found 
that  the  Ikin  is  particularly  difpofed  to  this  remarkable  alteration.  It  was  after- 
wards perceived  that  the  ligaments  and  tendons  no  longer  exifted,  or  at  leaft  had 
loft  their  tenacity ; fo  that  the  bones  were  entirely  unfupported,  and  left  to  the 
adion  of  their  own  weight.  Whence  their  relative  places  were  preferved  in  a 
certain  degree  by  mere  juxta-poiition ; the  leaft  effort  being  fufficient  to  feparate 
them.  The  grave-diggers  availed  themfelves  of  this  circumftance  in.  the  re- 
moval of  the  bodies.  For  they  rolled  them  up  from  head  to  feet,  and  by  that 
means  feparated  from  each  other  the  extremities  of  the  bones  which  had  formerly 
been  articulated.  In  all  thefe  bodies  which  were  changed  into  the  fatty  matter 
the  abdominal  cavity  had  difappeared.  The  teguments  and  mufcles  of  this  re- 
gion being  converted  into  the  white  matter  like  the  other  foft  parts,  had  fubfided 
upon  the  vertebral  column,  and  were  fo  flattened  as  to  leave  no  place  for  the 
vifcera,  and  accordingly  there  was  fcarcely  ever  any  trace  obferved  in. the  almoft 
obliterated  cavity.  This  obfervation  was  for  a long  time  matter  of  aftonilhment 
to  the  in vefli gators.  In  vain  did  they  feek  in  the  greater  number  of  bodies  the 
place  and  fubftance  of  the  ftomach,  the  inteftines,  the  bladder,  and  even  the  liver, 
the  fpleen,  the  kidneys,  and  the  matrix  in  females.  All  thefe  vifcera  were  con- 
founded together,  and  for  the  moft  part  no  traces  of  them  were  left.  Sometimes 
only  certain  irregular  maffes  were  found,  of  the  fame  nature  as  the  white  matter, 
of  different  bulks,  from  that  of  a nut  to  two  or  three  inches  in  diameter,  in  the 
regions  of  the  liver  or  of  the  fpleen. 

The  thorax  likewife  offered  an  affemblage  of  fads  no  lefs  Angular  and  inte- 
refting.  The  external  part  of  this  cavity  was  flattened  and  comprefled  like  the 
reft  of  the  organs ; the  ribs,  fpontaneoufly  luxated  in  their  articulations  with  the 
vertebrae,  were  fettled  upon  the  dorfal  column ; their  arched  part  left  only  a 
fmall  fpace  on  each  fide  between  them  and  the  vertebrae.  The  pleura,  the  me- 
diaftines,  the  large  veffels,  the  afpera  arteria,  and  even  the  lungs  and  the  heart, 
were  no  longer  diftinguifhable  ; but  for  the  moft  part  had  entirely  difappeared, 
and  in  their  place  nothing  was  feen  but  fome  parcels  of  the  fatty  fubftance.  In 
this  cafe,  the  matter  which  was  the  produd  of  decompofition  of  the  vifcera, 
charged  with  blood  and  various  humours,  differs  from  that  of  the  furface  of  the 
body,  and  the  long  bones,  in  the  red  or  brown  colour  poflefled  by  the  former. 
Sometimes  the  obfervers  found  in  the  thorax  a mafs  irregularly  rounded  of  the 
fame  nature  as  the  latter,  which  appeared  to  them  toliave  arifen  from  the  fat  and 
fibrous  fubftance  of  the  heart.  They  fuppofed  that  this  mafs,  not  conftantly 
found  in  all  the  fubjeds,  owed  'its  exiftcnce  to  a fuperabundance  of  fat  in  this 
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vifcus,  where  it  was  found.  For  the  general  obfervation  prefented  itfelf,  that  in 
fimilar  circum (lances,  the  fat  parts  undergo  this  converfion  more  evidently  than 
the  others,  and  afford  a larger  quantity  of  the  white  matter. 

The  external  region  in  females  exhibited  the  glandular  and  adipofe  mafs  of 
the  breafts  converted  into  the  fatty  matter  very  white  and  very  homogeneous. 

The  head  was,  as  has  already  been  remarked,  environed  with  the  fatty  matter ; 
the  face  was  no  longer  diftinguifhable  in  the  greateft  number  of  fubjeds;  the 
mouth  diforganized  exhibited  neither  tongue  nor  palate,  and  the  jaws,  luxated 
and  more  or  lefs  difplaced,  were  environed  with  irregular  layers  ©f  the  white  mat- 
ter. Some  pieces  of  the  fame  matter  ufually  occupied  the  place  of  the  parts 
fituated  in  the  mouth  ; the  cartilages  of  the  nofe  participated  in  the  general  alte- 
ration of  the  fkin ; the  orbits  inftead  of  eyes  contained  white  maffes ; the  ears 
were  equally  diforganized  ; and  the  hairy  fcalp  having  undergone  a fimilar  alte- 
ration to  that  of  the  other  organs,  ftill  retained  the  hair.  M.  Fourcroy  re- 
marks incidentally  that  the  hair  appears  to  refill  every  alteration  much  longer 
than  any  other  part  of  the  body.  The  cranium  conflantly  contained  the  brain 
contraded  in  bulk  ; blackifh  at  the  furface,  and  abfolutely  changed  like  the 
other  organs.  In  a great  number  of  fubjeds  which  were  examined  this  vifcus 
was  never  found  wanting,  and  it  was  always  in  the  above-mentioned  ftafe  ; which 
proves  that  the  fubflance  of  the  brain  is  greatly  difpofed  to  be  converted  into 
the  fat  matter. 

Such  was  the  flate  of  the  bodies  found  in  the  burial  ground  Des  Innocens. 
Its  modifications  were  alfo  various.  Its  confidence  in  bodies  lately  changed, 
that  is  to  fay,  from  three  to  five  years,  was  foft  and  very  dudile  ; containing  a 
great  quantity  of  water.  In  other  fubjeds  converted  into  this  matter  for  a long 
time,  fuch  as  thofe  which  occupied  the  cavities  which  had  been  clofed  thirty  or 
forty  years,  this  matter  is  drier,  more  brittle  and  in  denfer  flakes.  In  feveral 
which  were  depofited  in  dry  earth,  various  portions  of  the  fatty  .matter  had  be- 
come femi-tranfparent.  The  afped,  the  granulated  texture,  and  brittlenefs  of 
this  dried  matter,  bore  a confiderable  refemblance  to  wax. 

The  period  of  the  formation  of  this  fubflance  had  likewife  an  influence  on  its 
properties.  In  general,  all  that  which  had  been  formed  for  a long  time  was 
white,  uniform,  and  contained  no  foreign  fubflance,  nor  fibrous  remains  ; fuch 
in  particular  was  that  afforded  by  the  fkin  of  the  extremities.  On  the  contrary, 
in  bodies  recently  changed,  the  fatty  matter  was  neither  fo  uniform  nor  fo  pure 
as  in  the  former ; but  it  was  ftill  found  to  contain  portions  of  mufcles,  tendons, 
and  ligaments,  the  texture  of  which,  though  already  altered  and  changed  in  its 
colour,  was  ftill  diftinguifhable.  Accordingly,  as  the  converfion  was  more  or 
lefs  advanced,  thefe  fibrous  remains  were  more  or  lefs  penetrated  with  the  fatty 
matter,  interpofed  as  it  were  betw.een  the  inteftices  of  the  fibres.  This  obfer- 
vation (hews  that  it  is  not  merely  the  fat  which  is  thus  changed,  as  was  natural 
enough  to  think  at  firft  fight.  Other  fads  confirm  this  affertion.  The  fkin,  as 
has  been  remarked,  becomes  eafily  converted  into  very  pure  white  matter,  as 
does  likewife  the  brain,  neither  of  which  have  been  confidered  by  anatomifts  to 
be  fat.  It  is  true  neverthelefs,  that  the  unguinous  parts,  and  bodies  charged 
with  fat,  appear  more  eafily  and  fpeedily  to  pafs  to  the  ftate  under  confideration. 
This  was  feen  in  the  marrow,  which  occupied  the  cavities  of  the  longer  bones. 
And  again,  it  is  not  to  be  fuppofed,  but  that  the  greater  part  of  thefe  bodies 
had  been  emaciated  by  the  illnefs  which  terminated  their  lives ; notwithftanding 
winch,  they  were  all  abfolutely  turned  into  this  fatty  fubflance. 
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An  experiment  made  by  M.  Poulletier  De  la  Salle  and  Fourcroy  likewife 
evinced  that  a converfion  does  not  take  place  in  the  fat  alone.  M.  Poulletier 
had  fufpended  in  his  laboratory  a fmall  piece  of  the  human  liver,  to  obferve 
what  would  arife  to  it  by  the  contact  of  the  air.  It  partly  putrefied,  without  how- 
ever  emitting  any  very  infectious  fmell.  Larvae  of  the  Dermeftes,  and  Bruches 
attacked  and  penetrated  it  in  various  directions ; at  lad  it  became  dry,  and  after 
more  than  ten  years  fufpenfion,  it  was  converted  into  a white  friable  fubftance 
refembling  dried  agaric,  which  might  have  been  taken  for  an  earthy  fubftance. 
In  this  date,  it  had  no  perceptible  fmell.  M.  Poulletier  was  defirous  of  know- 
ing the  ftate  of  this  animal  matter,  and  experiment  foon  convinced  him  and 
M.  F.  that  it  was  very  far  from  being  in  the  ftate  of  an  earth.  It  melted  by 
heat,  and  exhaled  in  the  form  of  vapour,  which  had  the  fmell  of  a very  fetid 
fat ; fpirit  of  wine  feparated  a concrefcible  oil  which  appeared  to  poffefs  all  the 
properties  of  fpermaceti.  Each  of  the  three  alkalis  converted  it  into  foap,  and 
in  a word  it  exhibited  all  the  properties  of  the  fatty  matter  of  the  burial-ground 
of  the  Innocens  expofed  for  feveral  months  to  the  air.  Here  then  was  a glan- 
dular organ,  which  in  the  midft  of  the  atmofphere  had  undergone  a change 
fimilar  to  that  of  the  bodies  in  the  burying-place  j and  this  faCt  fuificiently  fhews 
that  an  animal  fubftance  which  is  very  far  from  being  of  the  nature  of  greafe 
may  be  totally  converted  into  this  fatty  fubftance. 

Among  the  modifications  of  this  remarkable  fubftance  in  the  burying-ground 
before  mentioned,  it  was  obferved  that  the  dry,  friable,  and  brittle  matter  was 
mod  commonly  found  near  the  furface  of  the  earth,  and  the  foft  duClile  matter 
at  a greater  depth.  M.  Fourcroy  remarks,  that  this  dry  matter  did  not  differ 
from  the  other  merely  in  containing  lefs  water,  but  likewife  by  the  volatilization 
of  one  of  its  principles.  He  promifes  to  explain  this  difference  in  another  me- 
moir, which,  if  publifhed,  I have  not  feen. 

The  grave  diggers  affert  that  near  three  years  are  required  to  convert  a body 
into  this  fatty  fubftance.  But  Mr.  Gibbes,  in  the  Philofophical  Tranfacftions  for 
1794,  found  that  lean  beef  fecured  in  a running  ftream  was  converted  into 
this  fatty  matter  at  the  end  of  a month.  He  judges  from  fads,  that  running 
water  is  mod  favourable  to  this  procefs.  He  took  three  lean  pieces  of  mutton, 
and  poured  on  each  a quantity  of  the  three  ancient  mineral  acids.  At  the  end 
of  three  days,  each  was  much  changed  : that  in  the  nitrous  acid  was  very  foft, 
and  converted  into  the  fatty  matter ; that  in  the  marine  acid  was  not  in  that 
time  fo  much  altered  ; the  vitriolic  acid  had  turned  the  other  black.  M. 
Lavoifier,  in  his  Elements  of  Chemiftry,  thinks  that  this  procefs  may  here- 
after prove  of  great  ufe  in  fociety.  It  is  not  eafy  to  point  out  what  animal 
fubftance,  or  what  fituation,  might  be  the  beft  adapted  for  an  undertaking  of 
this  kind.  M.  L.  points  out  fecal  matters ; but  I have  not  heard  of  any 
converfion  having  taken  place  in  thefe  animal  remains,  fimilar  to  that  of  the 
foregoing. 

The  refult  of  M.  Fourcroy’s  enquiries  into  the  ordinary  changes  of  bodies 
recently  depofited  in  the  earth  was  not  very  extenfive.  The  grave-diggers  in- 
formed him,  that  thefe  bodies  interred  do-  not  perceptibly  change  colour  for 
the  firft  feven  or  eight  days;  that  the  putrid  procefs  difengages  elaftic  fluid 
which  inflates  the  abdomen,  and  at  length  burfts  it  j that  this  event  inftantly 
caufes  vertigo,  faintnefs,  and  naufea  in  fuch  perfons  as  unfortunately  are  within 
a certain  diftance  of  the  fcene  where  it  takes  place ; but  that  when  the  objeift  of 
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its  adtion  is  nearer,  a fudden  privation  of  fenfe,  and  frequently  death  is  the  con- 
fequence.  Thefe  men  are  taught  by  experience,  that  no  immediate  danger  is  to 
be  feared  from  the  difgufting  bufinefs  they  are  engaged  in,  excepting  at  this  pe- 
jiod,  which  they  regard  with  the  utmoft  terror.  They  refilled  every  induce- 
ment and  perfuafion  which  thefe  philofophers  made  ufe  of  to  prevail  on  them 
to  afiift  their  refearches  into  the  nature  of  this  active  and  pernicious  vapour. 
M.  Fourcroy  takes  occafion  from  thefe  fads,  as  well  as  from  the  pallid  and  un- 
wholfome  appearance  of  the  grave  diggers,  to  reprobate  burials  in  great  towns  or 
their  vicinity. 

Such  bodies  as  are  interred  alone  in  the  midft  of  a great  quantity  of  humid 
earth,  are  totally  deftroyed  by  paffing  through  the  fucceflive  degrees  of  the  ordi- 
nary putrefaction  ; and  this  deftrudion  is  more  fpeedy,  the  warmer  the  tempera- 
ture. But  if  thefe  infulated  bodies  be  dry  and  emaciated  ; if  the  place  of  depo* 
fition  be  likewife  dry,  and  the  locality  and  other  circumftances  fuch,  that  the 
earth,  fo  far  from  receiving  moifture  from  the  atmofpbere,  becomes  Hill  more 
effedually  parched  by  the  folar  rays  ; — the  animal  juices  are  volatilized  and  ab- 
forbed,  the  folids  contrad  and  harden,  and  a peculiar  fpecies  of  mummy  is 
produced.  But  every  circumftance  is  very  different  in  the  common  buryingr 
grounds.  Heaped  together  almoft  in  contad,  the  influence  of  external  bodies 
affeds  them  fcarcely  at  all,  and  they  become  abandoned  to  a peculiar  diforgani- 
zation  which  deflroys  their  texture,  and  produces  the  new  and  moft  permanenr 
ftate  of  combination  here  defcribed.  From  various  obfervations  which  I do  not- 
here  abridge,  it  was  found  that  this  fatty  matter  was  capable  of  enduring  in 
thefe  burying-places  for  thirty  or  forty  years,  and  is  at  length  corroded  and  car- 
ried off  by  the  aqueous  putrid  humidity  which  there  abounds. 

SPIKENARD.  Nardus  Indica,  qus  fpica,  fpica  nardi  et  fpica  Indica  officina- 
rum  C.  B.  Andropegon  Dardus  Lin.  Indian  nard  brought  from  the  Eafl  Indies. 

It  confifts  of  a number  of  flender  brittle  filaments,  fuppofed  -by  fome  to  be 
the  root,  by  others  the  pedicle  of  the  leaves  of  a plant  of  the  grafsor  ruth  kind  $ 
but  which  are  properly  the  head  of  a root,  for  P'omet  mentions  and  figures  a 
fpecimen  which  had  great  part  of  the  root  itfelf  adhering. 

Spikenard  has  a very  ftrong,  not  agreeable  fmell  and  tafte,  fcarcc  to  be  con- 
cealed or  overpowered  by  a large  admixture  of  other  fubftances.  It  contains 
only  a fmall  proportion  of  eflential  oil  : on  diftilling  an  ounce,  there  was  only 
an  appearance  of  fome  oily  panicles  on  the  furface  of  the  water.  Rectified 
fpirit  brings  over  nothing:  the  fpirituous  extradl  pofleflts  both  the  fmell  and  tafte 
of  the  fpikenard  in  a much  greater  degree  than  the  watery.  An  ounce  yielded 
a dram  of  fpirituous,  and  afterwards  forty-fix  grains  of  watery  extradl.  Water 
applied  at  firft  extracted  from  the  fame  quantity  four  fcruples,  and  fpirit  after- 
wards twenty-five  grains  : the  indiflbluble  refiduum  weighed  in  both  cafes  fix 
drams  ten  grains.  Neumann. 

SPIRIT.  This  name  was  formerly  given  by  chemifts  to  all  volatile  fub- 
ftances collected  by  diftillation.  Three  principal  kinds  were  diftinguifhed  ; 
namely,  inflammable  or  ardent  fpirits,  acid  fpirits,  and  alkaline  fpirits.  In  the 
firft  clafs  were  included,  not  only  the  produCt  known  by  the  common  name  of 
fpirit  of  wine,  but  alfo  the  light  volatile  oils,  ethers,  and  the  aromatic  principle. 
The  contents  of  the  latter  clafles  need  no  enumeration. 

The  word  fpirit  is  now  almoft  exclufively  confined  to  alcohol,  ardent  fpirit,  or 
fpirit  of  wine ; and  the  other  fubftances  formerly  arranged  under  the  clafles  here 
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mentioned,  are  diftinguifhed  by  their  refpe&ive  peculiar  names,  without  refe- 
rence to  any  general  arrangement  grounded  on  a property  of  fo  indiftinft  a na- 
ture as  that  of  their  being  feparated  from  other  compounds  by  diftillation. 

SPIRIT,  ARDENT.  In  order  to  obtain  ardent  fpirit,  nothing  more  is  ne- 
cefiary  than  to  expofe  wine,  beer,  or  any  other  fermented  vinous  liquid,  to  dif- 
tillation ; and  the  produdt  which  comes  over  is  the  ardent  fpirit  itfelf,  contami- 
nated with  efiential  oil.  If  this  be  rectified  by  a fecond  diftillation,  it  becomes 
much  purer.  The  moft  volatile  part  rifes  firft,  and  is  of  a lefs  fpecific  gravity 
than  that  which  comes  over  afterwards. 

The  refidue,  after  the  diftillation  of  ardent  fpirit  from  wine,  is  of  a deep  co- 
lour, a rough  acid  tafte,  and  depofits  cryftals  of  tartar.  The  colouring  matter 
is  foluble  iti  ardent  fpirit.  So  that  it  appears,  from  this  imperfedt  analylis,  that 
ivine  confifts  of  water,  ardent  fpirit,  colouring  matter  of  a relinous  nature,  fugar, 
tartar,  and  tartareous.acid,  and  an  aromatic  principle. 

The  ftrength  or  purity  of  ardent  fpirit  is  afcertained  from  its  fpecific  gravity  j 
for  the  addition  of  water  renders  it  heavier.  According  to  M.  Bories,  whofc 
Memoir,  publiftied  at  Montpellier  in  the  year  1774,  obtained  the  prize  propofed 
by  the  ftates  of  Languedoc  in  1772,  the  fpecific  gravity  of  rectified  ardent  fpirit, 
repeatedly  poured  on  dry  fait  of  tartar  till  it  would  no  longer  difiolve  or  liquefy 
it,  was  found  by  many  experiments  to  be  as  follows : 

Reaumur’s  Therm.  4-  io°  = 820  |4°r 

15*  = 817  ^fT 

20  — 813  -rs-TT 

The  fpecific  gravities  of  mixtures,  by  meafure,  of  the  foregoing  fpirit  with 
diftilled  water,  were  as  follows : 

Temperature  4-  150  Reaumur. 
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Upon  the  above  experiments,  which  are  among  the  moft  accurate  we  po fiefs, 
it  may  be  obferved,  that  the  firft  term,  or  pure  fpirit,  ought  to  be  obtained  with 
an  alkali  perfectly  mild,  or  faturated  with  fixed  air;  becaufe,  otherwife,  folution 
and  combination  of  the  alkali  with  the  fpirit  might  take  place.  By  diftillation 
of  twenty  meafures  of  the  beft  ardent  fpirit  of  the  (hops,  whofe  fpecific  gravity 
was  0.836  over  a lamp  in  glafs  veflels,  1 found  the  firft  meafure  which  came 
over  had  a fpecific  gravity  of  820,  at  the  temperature  of  710  Fahrenheit; 
which  anfwers  to  17.1  of  Reaumur.  This  is  the  ftrongeft  fpirit  mere  diftillation 
can  afford.  When  ftrong  ardent  fpirit  is  added  to  water,  a confiderable  heat 
is  produced,  a few  bubbles  of  air  are  emitted,  the  mixture  contracts  in  its  di- 
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mentions,  and  acquires  a greater  fpecific  gravity  than  would  have  been  deduced 
by  computation. 

It  is  by  no  means  an  eafy  undertaking  to  determine  the'ftrength  or  relative 
value  of  ardent  fpirit,  even  with  fufficient  accuracy  for  commercial  purpofes. 
The  following  requifites  muft  be  obtained  before  this  can  be  well  done  : The 
fpecific  gravity  of  a certain,  number  of  mixtures  of  ardent  fpirit  and  water  muft 
be  taken  fo  near  each  other,  as  that  the  intermediate  fpecific  gravities  may  not 
perceptibly  differ  from  thofe  deduced  from  the  fuppofition  of  a mere  mixture  of 
the  fluids  : the  expanfions  or  variations  of  fpecific  gravity  in  thefe  mixtures, 
muft  be  determined  at  different  temperatures : fome  eafy  method  muft  be  con- 
trived of  determining  the  prefence  and  quantity  of  faccharine  or  oleaginous 
matter  which  the  fpirit  may  hold  rn  folution,  and  the  effecft  of  fuch  folution  on 
the  fpecific  gravity  : and  laftly,  the  fpecific  gravity  of  the  fluid  muft  .be  afcer- 
tained  by  a proper  floating  inftrument  with  a graduated  Hem,  or  fet  of  weights ; 
or,  which  may  be  more  convenient,  with  both. 

The  ftrength  of  brandies  in  commerce  is  judged  by  the  phial,  or  by  burning. 
The  phial  proof  confifts  in  agitating  the  fpirit  in  a bottle,  and  obferving  the 
form  and  magnitude  of  the  bubbles,  which  are  larger  the  ftronger  the  fpirit. 
Thefe  probably  depend  on  the  folution  of  refinous  matter  from  the  calk,  which 
is  taken  up  in  greater  quantities,  the  ftronger  the  fpirit.  It  is  not  difficult  how- 
ever to  produce  this  appearance  by  various  Ample  additions  to  weak  fpirit.  The 
proof  by  burning  is  alfo  fallacious ; becaufe  the  magnitude  of  the  flame,  and 
quantity  of  refidue,  in  the  fame  fpirit,  vary  greatly  with  the  form  of  the  veffel 
it  is  burned  in.  If  the  veffel  be  kept  cool,  or  fuffered  to  become  hot,  if  it  be 
deeper  or  fhallower,  the  refults  will  not  be  the  fame  in  each  cafe.  It  does  no^ 
follow,  however,  but  that  manufacturers  and  others  may  in  many  inftances  re- 
ceive confiderable  information  from  thefe  figns,  in  circumftances  exactly  alike, 
and  in  the  courfe  of  operations  wherein  it  would  be  inconvenient  to  recur  conti- 
nually to  experiments  of  fpecific  gravity. 

The  importance  of  this  object,  as  well  for  th£  purpofes  of  revenue  as  of  com- 
merce, induced  the  Britifh  government  to  employ  Dr.  Blagden  to  inftitute  a very 
minute  and  accurate  feries  of  experiments.  Thefe  may  be  confidered  as  funda- 
mental refults ; for  which  reafon,  I fhall  inlert  the.  whole  in  this  place,  from  the 
Philofophical  Tranfadlions  for  1790,  in  the  words  of  the  author. 

The  firft  object  to  which  the  experiments  were  directed,  was  to  afcertain 
the  quantity  and  law  refuting  from  the  mutual  penetration  of  water  and 
fpirit. 

All  bodies  in  general  expand  by  heat ; but  the  quantity  of  this  expanfion,  as 
well  as  the  law  of  its  progreffion,  is  probably  not  the  fame  in  any  two  fub- 


fton  of  pure  fpirit  from  309  to  ioo°  of  Fahrenheit’s  thermometer,  is  n 
than  TV  of  its  whole  bulk  at  30*  ; whereas  that  of  water,  in  the  fame  ir 
is  only  xfT  of  its  bulk.  The  laws  of  their  expanfion  are  ftill  more  different 
than  the  quantities.  If  the  expanfion  of  quickfilver  be,  as  ufual,  taken  for  the 
ftandard  (our  thermometers  being  confhucfted  with  that  fluid),  the  expanfion  of 
fpirit  is,  indeed,  progreffively  increafing  with  refpedt  to  that  ftandard,  but  not 
much  fo  within  the  above-mentioned  interval ; whilft  water  kept  from  freezing 
to  30°,  which  may  eafily  be  done,  will  abfolutely  contract  as  it  is  heated  for  ten 
or  more  degrees,  that  is,  to  40°  or  42°  of  the  thermometer,  and  will  then  begin 


fiances.  In  water  and  fpirit  they  are  remarkably  different.  The  whole 


to  expand  as  its  heat  is  augmented,  at  firft  flowly,  and  afterwards  gradually 
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more  rapidly,  fo  as  to  obferve  upon  the  whole  a very  increafing  progreffion. 
Now,  mixtures  of  thefe  two  fubftances  will,  as  may  be  fuppoled,  approach  to 
the  lefs  or  the  greater  of  thefe  progreflions,  according  as  they  are  compounded 
of  more  fpirit  or  more  water,  whilft  their  total  exj^mfiop  will  be  'greater,  ac- 
cording as  more  fpirit  enters  into  their  compolition ; but  thd  -exadt  quantity  of 
the  expanfion,  as  well  as  law  of  the  progreffion, . in  all  of  them,  can  be  deter- 
mined only  by  trials.  Thefe  were,  therefore,  the  two  other  principal  objects  to 
be  afcertained  by  experiment/  ’ 

The  firft  flep  towards  a.  right  performance  of  the  experiments  was  to  procure 
the  two  fubftances  with  which  they  were  to  be  made  as  pure  as  poffible.  Diftilled 
water  is  in  all  cafes  fo  nearly  alike,  that  no  difficulty  occurred  with  regard  to  it; 
but  the  fpecific  gravity  of  pure  fpirit,  or  alcohol,  has  been  given  fo  very  dif- 
ferently by  the  authors  who  have  treated  of  itj  that  a particular  fet  of  experi- 
ments appeared  neceffary  for  determining  to  what  degree  of  ftrength  redtified 
fpirits  could  conveniently  be  brought.  The  perfon  engaged  to  make  thefe  expe- 
riments was  Dr.  Dollfufs,  an  ingenious  Swifs  gentleman  then  in  London,  who 
had  diftinguifhed  himfelf  by  feveral  publications  on  chemical  fubjects.  Dr.  Doll- 
fufs, having  been  furnilhed  by  government  with  fpirit  for  the  purpofe,  rectified 
it  by  repeated  and  flow  diftillations  till  its  fpecific  gravity  became  ftationary  in 
this  manner  of  operating  : he  then  added  dry  cauftic  alkali  to  it,  let  it  ftand  for 
a few  days,  poured  off  the  liquor,  and  diftilled  it  with  a fmall  addition  of  burnt 
alum,  placing  the  receiver  in  ice.  By  this  method  he  obtained  a fpirit  whofe 
fpecific  gravity  was  ,8188  at  6o°  of  heat.  Perceiving  however  that  he  could 
not  conveniently  get  the  quantity  of  fpirit  he  wanted  lighter  than  ,82527  at  6c*, 
%he  fixed  upon  that  ftrength  as  a ftandard,  to  which  he  found  the  above-men- 
tioned lighter  fpirit  could  be  reduced  by  adding  to  itffea  part  of  water ; 

and  with  this  fpirit  and  diftilled  water  he  made  a feries  of  experiments  for  de- 
termining the  fpecific  gravity  of  different  mixtures  of  thefe  fluids  in  different 
degrees  of  heat. 

The  procefs  followed  by  Dr.  Dollfufs  is  not  here  given  as  the  beft  poffible 
for  obtaining  pure  fpirit ; nor  was  the  refult  of  it  in  fadt  the  lighted  alcohol  that 
has  been  procured.  Some  fpirit  has  been  tried  fince  that  time,  whofe  fpecific 
gravity  was  ,813  at  6o*.  This  was  furnilhed  by  Dr.  George  Fordyce,  F.  R.  S. 
who  fucceeded  in  bringing  it  to  that  ftrength  chiefly  by  adding  the  alkali  very 
hot.  Care  muft  be  taken  that  none  of  the  cauftic  alkali  comes  over  in  the  dis- 
tillation. Some  alcohol  was  alfo  fent  for  trial,  by  Mr.  Lewis  an  eminent  dif- 
tiller  in  Holborn,  whofe  fpecific  gravity  at  the  fame  temperature  was  ,814. 

It  was  with  fpirit  rectified  from  malt  fpirits  that  Dr.  Dollfufs’s  feries  of  expe- 
riments was  made  ; but  he  tried  feveral  comparative  experiments,  with  fuch  as 
had  been  redtified  from  rum  and  brandy,  and  found  no  other  difference  than 
what  might  fairly  be  afcribed  to  unavoidable  errors. 

Thefe  experiments  of  Dr.  Dollfufs  were  repeated  by  Mr.  Gilpin,  clerk  of  the 
Royal  Society  ; and  as  the  dedudtions  in  this  account  will  be  taken  chiefly  from 
that  laft  fet  of  experiments,  it  is  proper  here  to  defcribe  minutely  the  method 
obferved  by  Mr.  Gilpin  in  his  operation.  This  naturally  refolves  itfelf  into  two 
parts  : the  way  of  making  the  mixtures,  and  the  way  of  afcertaining  their  fpeci- 
fic gravity. 

1.  The  mixtures  were  made  by  weight,  as  the  only  accurate  method  of  fixing 
the  proportions.  In  fluids  of  fuch  very  unequal  expanfions  by  heat  as  water 
and  alcohol,  if  meafures  had  been  employed,  increafing  or  decreafing  in  regular 
5 proportions 
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proportions  to  each  other,  the  proportions  of  the  maffes  would  have  been  fen- 
fibly  irregular;  now  the  latter  was  the  objedt  in  view,  namely,  to  determine  the 
real  quantity  of  fpirit  in  any  given  mixture,  abflra&ing  the  confederation  of  its 
temperature.  Befides,  if  the  proportions  had  been  taken  by  meafure,  a differ- 
ent mixture  fhould  have  been  made  at  every  different  degree  of  heat.  But  the 
principal  conlideration  was,  that  with  a very  nice  balance,  fuch  as  was  em- 
ployed on  this  occafion,  quantities  can  be  determined  to  much  greater  exa&nefs 
by  weight  than  by  any  practicable  way  of  meafurement.  The  proportions 
were  therefore  always  taken  by  weight.  A phial  being  provided  of  fuch  a fize 
as  that  it  fhould  be  nearly  full  with  the  mixture,  was  made  perfe&ly  -clean  and 
dry,  and  being  counterpoifed,  as  much  of  the  pure  fpirit  as  appeared  neceffary 
was  poured  into  it.  The  weight  of  this  fpirit  was  then  afeertained,  and  the 
weight  of  diftilled  water  required  to  make  a mixture  of  the  intended  propor- 
tions was  calculated.  This  quantity  of  water  was  then  added,  with  all  the 
neceffary  care,  the  laft  -portions  being  put  in  by  means  of  a well-known  inflru- 
ment,  which  is  compofed  of  a fmall  difh  terminating  in  a tube  drawn  to  a fine 
point  ; the  top  of  the  dilh  being  covered  with  -the  thumb,  the  liquor  in  it  is  pre- 
vented from  running  out  through  die  tube  by  the  preffure  of  the  atmofphere, 
but  inftantly  begins  to  iffue  by  drops,  or  a very  fmall  dream,  upon  raffing  the 
thumb.  Water  being  thus  introduced  into  the  phial,  till  it  exadly  counter- 
poifed the  weight,  which  having  been  previoufly  computed,  was  put  into  the 
oppofite  fcale,  the  phial  was  fliaken,  and  then  well  flopped  with  its  glafs  (topple, 
over  which  leather  was  tied  very  tight,  to  prevent  evaporation.  No  mixture  was 
ufed  till  it  had  remained  in  the  phial  at  lead:  a month,  for  the  full  penetration  to 
have  taken  place;  and  it  was  always  well  fliaken  before  it  was  poured  -out  to 
have  its  fpecific  gravity  tried. 

2.  There  are  two  common  methods  of  taking  the  fpecific  gravity  or  fluids; 
one,  by  finding  the  weight  which  a folid  body  lofes  by  being  immerfed  in  them  * 
the  other,  by  filling  a convenient  veffel  with  them,  and  afeertaining  the  increafe 
of  weight  it  acquires.  In  both  cafes  a ftandard  muff;  have  been  previoufly  ta- 
ken, which  is  ufually  diftilled  water;  namely,  in  the  firft  method  by  finding 
the  weight  loft  by  the  folid  body  in  the  water,  and  in  the  fecond  method,  the 
weight  of  the  veffel  filled  with  water.  The  latter  was  preferred  for  the  follow- 
ing reafons : 

When  a ball  of  glafs,  which  is  the  propereft  kind  of  folid  body,  is  weighed  in 
any  fpirituous  or  watery  fluid,  the  adhefion  of  the  fluid  occafions  fome  inaccu- 
racy, and  renders  the  balance  comparatively  fluggifh.  To  what  degree  this 
effe<£t  proceeds  is  uncertain  ; but  from  fome  experiments  made  by  Mr.  Gilpin, 
with  that  view,  it  appears  to  be  very  fenfible.  Moreover,  in  this  method  a 
-large  furface  muff  be  expofed  to  the  air  during  the  operation  of  weighing, 
which,  efpecially  in  the  higher  temperatures,  would  give  occafion  to  fuch  an 
evaporation  as  to  alter  effentially  the  ftrength  of  the  mixture.  It  feemed  alfo 
as  if  the  temperature  of  the  fluid  under  trial  could  be  determined  more  exa&ly  in 
the  method  of  filling  a veffel,  than  in  the  other : for  the  fluid  cannot  well  be 
ftirred  while  the  ball  to  be  weighed  remains  immerfed  in  it ; and  as  fome  time 
muff  neceffarily  be  fpent  in  the  weighing,  the  change  of  heat  which  takes  place 
during  that  period  will  be  unequal  through  the  mafs,  and  may  occafion  a fen- 
fible error.  It  is  true,  on  the  other  hand,  that,  in  the  method  of  filling  a vef- 
iel,  the  temperature  could  not  be  afeertained  with  the  utmofl  precifion,  becaufe 
the  neck  of  the  veffel  employed,  containing  about  ten  grains,  was  filled  up  to 
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rBe  mark  with  fpirit  not  exactly  of  the  fame  temperature,  as  will  be  explained 
prefently  : but  this  error,  it  is  fuppofed,  would  by  no  means  equal  the  other, 
and  the  utmoft  quantity  of  it  may.  be  efti mated  very  nearly.  Finally,  it  was 
much  eafier  to  bring  the  fluid  to-any  given  temperature  when  it  was  in  a veffel 
to  be  weighed,  than  when  it  was  to  have  a fol-id  body  weighed  in  it ; becaufe 
in  the  former  cafe  the  quantity  was  fmaller,  and  the  veffel  containing  it  more 
manageable,  being  readily  heated  with  the  hand  or  warm  water,  and  cooled 
with  cold  water  : and  the  very  circumftance,  that  fo  much  of  the  fluid  was 
not  required,  proved  a material  convenience.  The  particular  difadvantage  in 
the  method  of  weighing  io  a*  veffel,  is  the  difficulty  of  filling  it  with  extreme 
accuracy;  but  when  the  veffel  is- judicioufly  and  neatly  marked,  the  error  of 
filling  will,  with  due  care,  be  exceedingly  minute.  By  feveral  repetitions  of 
the  fame  experiments,  Mr.  Gilpin  Teemed  to  bring  it  within  the  -rTl0l5-  th  part 
of  the  whole  weight. 

The  above-mentioned  confiderations’  induced  Dr.  Blagden;  as  well  as  the  gen- 
tlemen employed  in  the  experiments,  to  give  the  preference  to  weighing  the 
fluid  itfelf ; and  that  was  accordingly  the  method  prailifed  both  by  Dr.  Dollfufs 
and  Mr.  Gilpin  in  their  operations. 

The  veffel  chofen  as  mod  convenient  for  the  purpofe  was  a hollow  glafs  ball; 
terminating  in-  a neck  of  fmall  bore.  That  which  Dr.  Dollfufs  ufed  held 
5800  grains  of  diddled  water  j but  as  the  balance  was  fo  extremely  accu- 
rate, it  was  thought  expedient,  upon  Mr.  Gilpin’s  repetition  of  the  experi- 
ments, toufe  one  of  only  2965  grains  capacity,  as  admitting  the  heat  of  any 
fluid  contained  in  it  to  be  more  nicely  determined.  The  ball  of  this  veffel, 
which  may  be  called  the  weighing-bottle,  meafured  about  2.8  inches  in  diame- 
ter, and  was  fpherical,  except  a flight  flattening  on  the  part  oppofite  to  the 
neck,  which  ferved  as  a,  bottom  for  it  to  fland  upon.  Its  neck  was  formed  of  a 
portion  of  a barometer  tube,  ,25  of  an  inch  in  bore,  and  about  inch  long  ; 

it  was  perfe&ly  cylindrical,  and  on  its  outfide,  very  near  the  middle  of  its 
length,  a fine  circle  or  ring  was  cut  round  it  with  a diamond,  as  the  mark  to 
which  it  was  to  be  filled  with  the  liquor.  This  mark  was  made  by  fixing  the 
bottle  in  a lathe,  and  turning  it  round  with  great  care,  in  contact  with  the  dia- 
mond. The  glafs  of  this  bottle  was  not  very  thick  j.it  weighed  916  grains, 
and  with  its  fiiver  cap  936. 

When  the  fpecific  gravity  of  any  liquor  was  to  be  taken  by  means- of  this 
bottle,  the  liquor  was  firft  brought  nearly  to  the  required  temperature,  and  then 
the  bottle  was  filled  with  it  up  to  the  beginning  of  the  neck  only,,  that  there 
might  be  room  for  flraking  it.  A very  fine  and  fenfible  thermometer  was  then 
palled  through  the  neck  of  the  bottle  into  the  contained  liquor,  which  (hewed 
whether  it  was  above  or  below  the  intended  temperature..  In  the  former  cafe  the 
bottle  was  brought  into  colder  air,  or  even  plunged  for  a moment  into  cold  wa- 
ter j the  thermometer  in  the  mean  time  being  frequently  put  into  the  contained 
liquor,  till  it  was  found  to  fink  to  the  right  point.  In  like  manner,  when  the 
liquor  was  too  cold,  the  bottle  was  brought  into  warmer  air,  immerfed  in  warm 
water,  or  more  commonly  held  between  the  hands,  till  upon  repeated  trials  with 
the  thermometer  the  juft  temperature  was  found.  It  will  be  underftood,  that 
during  the  courfe  of  this  heating  or  cooling,  the  bottle  was  very  frequently 
fhaken  between  each  immerfion  of  the  thermometer  j and  the  top  of  the  neck 
was  kept  covered,  either  with  the  finger,  or  a fiiver  cap  made  on  purpofe,  as 
conflantly  as  poflible.  Hot  water  was  ufed  to  raife  the  temperature  only  in  heats 
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of  §o°  and  upwards,  inferior  heats  being  obtained  by  applying  the  hands  to  the 
bottle  : when  the  hot  water  was  employed,  the  ball  of  the  bottle  was  plunged 
into  it,  and  again  quickly  lifted  out,  with  the  neceflary  (halting  interpofed,  as 
often  as  was  neceflary  for  communicating  the  required  heat  to  the  liquor  ; but 
care  was  taken  to  wipe  the  bottle  dry  after  each  immerfion,  before  it  was  fhaken, 
left  any  adhering  moifture  might  by  accident  get  into  it.  The  liquor  having  by 
thefe  means  been  brought  to  the  defired  temperature  ; the  next  operation  was  to 
nil  up  the  bottle  exa&ly  to  the  mark  upon  the  neck,  which  was  done  with  fome 
of  the  fame  liquor,  by  means  of  a glafs  funnel  with  a very  fmall  bore.  Mr. 
Gilpin  endeavoured  to  get  that  portion  of  the  liquor  which  was  employed  for  this 
purpofe,  pretty  nearly  to  the  temperature  of  the  liquor  contained  in  the  bottle; 
but  as  the  whole  quantity  to  be  added  never  exceeded  ten  grains,  a difference  of 
ten  degrees  in  the  heat  of  that  fmall  quantity,  which  is  more  than  it  ever  amounted 
to,  would  have  occafioned  an  error  of  only  TV  of  a degree  in  the  temperature  of 
the  mafs.  Enough  of  the  liquor  was  put  in  to  fill  the  neck  rather  above  the 
mark,  and  the  fuperfluous  quantity  was  then  abforbed  to  great  nicety,  by  bring- 
ing into  contact  with  it  the  fine  point  of  a fmall  roll  of  blotting  paper.  As  the 
furface  of  the  liquor  in  the  neck  would  be  always  concave,  the  bottom  or  centre 
of  this  concavity  was  the  part  made  to  coincide  with  the  mark  round  the  glafs; 
and  in  viewing  it  care  was  taken,  that  the  near  and  oppofite  fides  of  the  mark 
fhould  appear  exadlly  in  the  fame  line,  by  which  means  all  parallax  was  avoided. 
A filver  cap,  which  fitted  tight,  was  then  put  upon  the  neck,  to  prevent  evapo- 
ration ; and  the  whole  apparatus  was  in  that  ftate  laid  in  the  fcale  of  the  balance, 
to  be  weighed  with  all  the  exadtnefs  poftible. 

The  fpirit  employed  by  Mr.  Gilpin,  was  furnifhed  to  him  by  Dr.  Dollfufs, 
under  whofe  infpe&ion  it  had  been  re&ified  from  rum  fupplied  by  government. 
Its  fpecific  gravity,  at  60  degrees  of  heat,  was  ,82514.  It  was  firft  weighed 
pure,  in  the  abovementioned  bottle,  at  every  five  degrees  of  heat,  from  30  to 
100  inclufively.  Then  mixtures  were  formed  of  it,  and  diftilled  water,  in  every 
proportion,  from  ^th  of  the  water  to  equal  parts  of  wrater  and  fpirit  ; the 
quantity  of  water  added  being  fucceflively  augmented,  in  the  proportion  of  five 
grains  to  one  hundred  of  the  fpirit ; and  thefe  mixtures  were  alfo  weighed  in  the 
bottle,  like  the  pure  fpirit,  at  every  five  degrees  of  heat.  The  numbers  hence 
refulting  are  delivered  in  the  following  table  ; where  the  firft  column  fhews  the 
degrees  of  heat ; the  fecond  gives  the  weight  of  the  pure  fpirit  contained  in  the 
bottle  at  thofe  different  degrees  ; the  third  gives  the  weight  of  a mixture  in  the 
proportions  of  100  parts  by  weight  of  that  fpirit  to  5 of  water,  and  fo  on 
fucceflively  till  the  water  and  the  fpirit  are  in  equal  parts.  The  bottle  itfelf, 
with  its  cap,  having  been  previoufly  counterpoifed,  thefe  numbers  are  the 
weights  of  the  liquor  contained  in  it,  in  grains  and  hundredths  of  a grain.  They 
are  the  mean  of  three  feveral  experiments  at  leaft,  as  Mr.  Gilpin  always  filled 
and  weighed  the  bottle  over  again  that  number  of  times,  if  not  oftener.  The 
heat  was  taken  at  the  even  degree,  as  (hewn  by  the  thermometer,  without  any 
allowance  in  the  firft  inftance,  becaufe  the  coincidence  of  the  mercury  with  a 
divifion,  can  be  perceived  more  accurately  than  any  fraction  can  be  eftimated  ; 
and  the  errors  of  the  thermometers,  if  any,  it  was  fuppofed  would  be  lefs  upon 
the  grand  divifions  of  5 degrees,  than  in  any  others.  It  muft  be  obferved,  that 
Mr.  Gilpin  ufed  the  fame  mixture  throughout  all  the  different  temperatures, 
heating  it  up  from  30°  to  ioo°;  hence  fome  fmall  error  in  its  ftrength  may  have 
been  occafioned  in  the  higher  degrees,  by  more  fpirit  evaporating  than  water ; 
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but  this,  it  is  believed,  rnuft  have  been  trifling,  and  greater  inconvenience  would 

probably  have  refuked  from  interpofing  a fre(h  mixture.  _ 

Here  follows  in  the  report,  a table  of  the  weights  in  grams  at  the  different 
decrees  of  temperature.  Thefe  weights  being  elements  from  which  fpecific 
gravities  are  computed,  I have  not  thought  it  neceflary  to  infert  it  here,  more 
efpecially  as  the  computation  of  the  fpecific  gravities  appears  to  have  been  care- 
fully revifed  and  corrected  by  Mr.  Gilpin,  previous  to  the  infertion  of  his  large 
table  in  the  Tranfaftions  for  1794.  . . 

In  order  to  deduce  the  fpecific  gravities  from  the  numbers  in  the  preceding 
table,  it  was  neceflary  to  weigh  diftilled  water  in  the  fame  veffel.  Phis  Mr. 
Gilpin  did,  in  the  fame  manner  as  before,  at  the  different  degrees  of  heat  ; and 
the  refult  of  his  experiments  is  delivered  in  the  following  table,  where  the  firlt 
•column  (hews  the  heat,  and  the  fecond  gives  the  weight  of  the  water,  at  that 
temperature,  contained  in  the  bottle. 

Weights  and  Specific  Gravities  of  Difiilled  W iter. 


The  numbers  in  the 
additional  column  are. 
taken  from  Mr.  Gilpin’s 
table  in  the  Tranfac^ 
tions  for  1 794,  and  are 
no  doubt  the  moft  ac- 
curate. 


There  would  be  two  methods  for  computing  the  fpecific  gravity  at  the  different 
temperatures  from  thefe  numbers ; one,  by  taking  the  weight  of  the  water,  at 
the  particular  temperature  in  queftion,  for  the  ftandard  j and  the  other  by 
fixing  on  one  certain  temperature  of  the  water,  for  inftance  6o°,  to  be  the 
ftandard,  with  its  bulk,  at  which  that  of  the  fpirit  at  all  different  degrees  fhall  be 
compared.  Dr.  Blagden  preferred  the  latter  method,  though  not  the  moll  ufual, 
becaufe  it  (hews,  more  readily  and  (imply,  the  progreflion  obferved  in  the 
changes  of  fpecific  gravity,  according  to  the  heat  and  ftrength  of  the  mixture. 
This  method,  however,  rendered  it  neceflary  to  make  an  allowance  for  the 
contraction  and  expanfion  of  the  bottle  ufed  for  weighing  the  liquors,  according 
to  the  deviation  of  their  temperature  from  6o°,  either  below  or  above.  To 
obtain  this  correction,  the  expanfion  of  hollow  glafs  was  taken  from  General 
Roy’s  experiments  in  the  lxxvth  volume  of  the  Philofophical  TranfaCtions, 
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Heat. 

Weight  of  the 
Water. 

Specific  Gravity  of 
the  Water. 

Specific  Gravity  as 
by  the  Table  in 
Ph.  Tr.  1794. 

3°° 

Grains. 

1,00074 

35 

2967,03 

03 

O 

O 

O 

1,00090 

40 

2967>34 

1,0009  1 

1,00094 

45 

2967,29 

1,00084 

1,00086 

5° 

2966,97 

1,00066 

I.,OOo68 

55 

2966,39 

1,00040 

1,00038 

60 

Z965>39 

1,00000 

1,00000 

65 

2964,17 

>999.5* 

>99950 

70 

2962,72 

,99896 

,99894 

75 

2961,03 

,99832 

>99830 

80 

*959>l3 

,99762 

>99759 

85 

*957^3 

,99685 

90 

2954,80 

,99602 

95 

2952,20 

>995°7 

J too 

2949,36 

,99404 
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as  ,0000517  of  an  inch  upon  a foot  for  every  degree  of  heat  $ whence  its  effed,  in 
enlarging  the  capacity  of  a fphere,  was  computed,  and  the  refuiting  corredion 
added  to  the  weight  of  the  liquors  in  heats  below  6o°,  and  fubtraded  from  it  in 
heats  above.  On  the  fame  account  a third  column  is  given,  in  the  preceding 
table,  to  fhew  the  fpecific  gravity  of  water  at  the  different  temperatures,  its 
weight  at  6o°  being  taken  as  the  ftandard. 

Another  corredion  alfo  became  neceffary,  on  account  of  the  part  of  the  flem 
of  the  thermometer  which  was  not  immerfed  in  the  liquor.  This  inftrument, 
made  by  Ramfden,  had  its  ball  ,22  of  an  inch  in  diameter,  and  its  flem  13  inches 
in  length.  From  the  ball  to  the  commencement  of  the  fcale  3,6  inches  of  the 
flem  were  bare,  and  then  the  fcale  began,  which  reached  from  15  to  no  degrees. 
The  part  of  it  particularly  made  ufe  of  in  thefe  experiments,  namely  from  30°  to 
.100°,  meafured  6,82  inches.  The  fcale  was  made  of  ivory,  and  carried  divifions 
to  every  fifth  of  a degree,  the  quarters  of  which  could  be  readily  eflimated;  fo 
that  the  inftrument  could  be  read  off  to  twentieths  of  degrees.  When  the  ther- 
mometer was  immerfed  in  the  weighing  bottle,  the  liquor  reached  up  nearly  to 
what  would  have  been  o°  upon  its  flem  ; hence,  as  the  heat  of  the  room  in  which 
the  experiments  were  made  remained  about  6o°,  the  corredion  for  the  different 
heat  of  the  quickfilver  in  the  flem  from  that  in  the  ball  of  the  thermometer  was 
calculated  according  to  Mr.  Cavendifh’s  table,  given  in  the  lxxvth  volume  of  the 
PhilofophicalTranfadions.  Thus  the  real  heat  of  the  fluid  in  the  weighing-bottle 
being  found,  an  allowance  was  made  to  reduce  it  to  the  exad  degree  indicated 
on  the  fcale  of  the  thermometer. 

The  precife  fpecific  gravity  of  the  pure  fpirit  employed  was  ,82514;  but  to 
avoid  an  inconvenient  fradion,  it  is  taken,  in  conftruding  the  table  of  fpecific 
gravities,  as  ,825  only,  a proportional  dedudion  being  made  from  all  the  other 
numbers.  Thus  the  following  table  gives  the  true  fpecific  gravity,  at  the 
different  degrees  of  heat,  of  a pure  redified  fpirit,  whofe  fpecific  gravity  at  6o° 
is  ,825,  together  with  the  fpecific  gravities  of  different  mixtures  of  it  with  water, 
at  thofe  different  temperatures. 

1 have  not  copied  the  table  from  the  report,  excepting  only  the  numbers 
anfwering  to  the  temperatures  95  and  100.  For  I perceive  that  it  differs  in  the 
two  laft  decimal  figures  from  the  table  publifhed  by  Mr.  Gilpin  in  the  Tranfac- 
tions  for  1794,  to  which  reference  has  already  been  made.  I fuppofe  the  two 
higher  temperatures  may  have  been  omitted  in  that  table  as  lefs  ufeful,  and  per* 
haps  lefs  accurate.  The  following  table  is  extraded  from  the  laft  table  of  Mr, 
Gilpin.  1 ihould  have  willingly  inferted  the  whole,  in  which  the  mixtures  differ 
from  each  other  by  unity  only,  and  are  exhibited  in  meafure  as  well  as  in  weight, 
if  the  limits  of  the  prefent  work  could  have  allowed  it  to  be  done.  Mr.  Gilpin’s 
table  likewife  (hews  the  bulk  of  the  mixture,  the  diminution  of  bulk,  the 
quantity  of  fpirit  per  cent,  and  a decimal  multiplier,  which  being  applied  to  the 
bulk  of  the  mixture,  gives  the  meafure  of  pure  fpirit  in  a mixture  of  that 
denfity. 
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Real  Specific  Gravities  at  the  different  temperatures. 


Heat. 

The  pure 
fpirit. 

lioo  grains 
of  fpirit  to 
5 grains  of 
water. 

too  grains 
of  fpirit  to 
1 0 grains 
of  water. 

100  grains 
of  fpirit  to 
1 5 grains 
of  water. 

100  grains 
of  fpirit  to 
20  grains 
of  water. 

too  grain 
of  fpirit 
25  grains 
of  water. 

100  grains 
of  fpirit  to 
jo  grains 
of  water. 

100  grains 
1 of  fpirit  to 
35  Srains 
of  water. 

100  grain: 
of  fpirit  tc 
40  grains 
of  water. 

1I100  graini 
>of  fpirit  tc 
45  grains 
of  water. 

5 100  grains 
> of  fpirit  to 
50  grains 
of  water. 

3°° 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

9° 

95 

100 

,83896 

83672 

83445 

83214 

82977 

82736 

82500 

82262 

82023 

81780 

81530 

81291 

81044 

80794 

80548 

,84995 

84769 

84539 

84310 

84076 

83834 

•83599 

83362 
83124 
82878 
82631 
82396 
82150 
8 1900 
81657 

j85957 

85729 

85507 

85277 

85042 

84802 

84568 

84334 

84092 

83851 

83603 

83371 

83126 

82877 

82639 

,86825 
86587 
86361 
86131 
85902 
85664 
85430 
85I93 
84951 
847IO 
84467 
84243 
84001 
83753 
835  r3 

>87585 

87357 

87134 

86905 

86676, 

86441 

86208 

85976 

85736 

85496 

85248 

85036 

84797 

84550 

84308 

,88282 

88059 

87838 

87613 

87384 

87150 

86918 

86686 

86451 

86212 

85966 

85757 

85518 

85272 

85031 

,88921 

88701 

88481 

88255 

88030 

87796 

87569. 

87337 

87105 
86864 
86622 
8641 1 
. 86172 
85928 
85688 

,89511 

89294 

89°73 

88849 

88626 

88393 

88169 

87938 

87705 

87466 

87228 

87021 

86787 

86542 

86302 

,90054 

89839 

89617 

89396 

89174 

88945 

88720 

88490 

88254 

88018 

87776 

87590 

87360 

87114 

86879 

>9°558 
9°345 
90127 
89909 
89684 
8945!- 
'89232 
89006 
88773 
88538 
88301 
88 1 20 
87889 

87654 

87421. 

,9io23 

90811 

90596 

90380 

90160 

89933 

89707 

89479 

89252 

89018 

88781 

88605 

88376 

88146 

879K 

Heat. 

too  grains 
of  fpirit  to 
55  grains 
of  water. 

1 00  grains 
of  fpirit  to 
60  grains 
of  water. 

100  grains 
of  fpirit  to 
65  grains 
of  water. 

j 100  grains 
of  fpirit  to 
70  grains 
of  water. 

1100  grains 
of  fpirit to 
75  grains 
of  water. 

1 ico  grains 
of  fpirit  to 
80  grains 
of  water. 

1 100  grains 
of  fpirit  to 
85  grains 
of  water. 

irr^o  grains 
1 of  fpirit  (0 
90  grains 
of  water. 

in  00  grains 
of  fpirit  to 
95  grains 
of  water. 

;iico  grain^j 
1 of  fpirit  to 
too  grains 
of  water. 

3°° 

>9M49 

>9i847 

,92217 

>92563 

,92889 

>93*9* 

>93474 

>9374* 

>9399* 

,94222 

35 

91241 

91640 

92009 

92355 

92680 

92986 

93274 

9354* 

93790 

94025 

40 

91026 

91428 

91799 

92151 

92476 

92783 

93072 

9334* 

93592 

93827 

45 

90812 

91211 

9*584 

9*937 

92264 

92570 

92859 

98*3* 

93382 

93621 > 

5° 

90596 

90997 

91370 

91723 

92051 

92358 

92647 

92919 

93*77 

934*9' 

55 

90367 

90768 

91144 

91502 

9*837 

92145 

92436 

92707 

92963 

93208 

60 

90144 

90549 

90927 

91287 

91622 

9*933 

92225 

92499 

92758 

93°°2. 

65 

89920 

90328 

90707 

91066 

91400 

91715 

92010 

92283 

92546 

92794 

70 

89695 

90104 

90484 

90847 

9Il8l 

9*493 

9*793 

92069 

92333 

92580 ' 

75 

89464 

. 89872 

90252 

90617 

90952 

91270 

9*569 

9*849 

92111 

92364 

80 

89225 

89639 

90021 

90385 

90723 

91046 

9*34° 

91622 

91891 

92142 

85 

89043 

89460 

89843 

90209 

90558 

90882 

91186 

9*465 

91729 

91969 

90 

88817 

89230 

89617! 

89988 

90342 

90668 

90967 

91248 

9*5** 

91751 

95 

88588 

89003 

8939°! 

89763 

901 19 

90443 

90747 

91029 

91290 

9*53’ 

100 

88357 

88769 

89158' 

89536}  89889' 

90215 

905221 

90805 

91066! 

9'3*o 

Heat. 

95  grains 
of  fpirit  to 
100  grains 
of  water. 

90  grains 
of  fpirit  to 
1 0 : grains 
of  water. 

85  grains 
of  fpirit  to 
1 00  grains 
of  water. 

80  grains  < 
of  fpirit  to 
too  grains 
of  water. 

75  grafts 
of  fpirit  to 
r co  grains 
of  water. 

70  grains  (65  grains 
of  fpirit  to  of  fpirit  to 
1 00  grains'  too  grains 
of  water,  of  water. 

frt>  grains 
of  fpirit  to 
roo  grains 
of  water. 

55  grains 
of  fpirit  tc 
ico  grains 

[50  giains 
1 of  fpirit  to 
tcograins 
of  water. 

3°° 

35 

4° 

45 

50 

55 

60 

65 

70 

75 

80 

>94447 

94249 

94058 

93860 

93658 

93452 

93247 

93040 

92828 

92613 

92393 

>94675 

(.4484 

94295 

94096 

93897 

93696 

93493 

93285 

9P76 

92865 

92646 

,94920 

94734 

94547 

94348 

94149 

93948 

93749 

93546 

93337 

93'32 

92917 

>95*73 

94988 

94802 

94605 

944*4 

94213 

94018 

93822 

93616 

93413 

-33g°l 

>95429 

95246 

95060 

94871 

94683 

94486 

94296 

94099 

93898 

93695 

93488 

,95681 

95502 

95328 

95*43 

94958 

94767 

94579 

94388 

94*93 

93989 

93785 

>95944 

95772 

95602 

95423 

95243 

95057 

94876 

94689 

9450° 

943°* 

94102 

,96209 

9604^ 

95879: 

957°5 
95534 
95357 
95181 
9500c 
948*3 
94623 
9443  * 

,9647° 

96315 

96159 

95993 

9583* 

95662 

95493 

953*8 

95*39 

94957 

947^8 

>967*9 

96579 
96434 
96280 
96126 
95966 
95804 
95635 
95469 
95292 
951  > r 
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Heat. 

45  grains 
at  fpirit  to 
ico  grains 
of  water. 

40  grains 
of  fpirit  to 
100  grains 
of  water. 

3 S grains 
of  fpirit  to 
ico  grains 
of  water. 

30  grains  25  grains 
of  fpirit  to  of  fpirit  to 
ioograins  100  grains 
of  water*  jOf  water. 

20  grains 
of  fpirit  to 
too  grains 
of  water. 

15  grains 
of  fpirit  to 
ton  grains 
of  water. 

10  grains 
of  fpirit  to 
ico  grains 
of  water. 

5 grains 
of  fpirit  to 
ioograins 
of  water. 

3°* 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

,96967 

96840 

96706 

96563 

9642O 

96272 

96122 

95962 

95802 

95638 

95467 

,97200 

97086 

96967 

96840 

96708 

96575 

96437 

96288 

96143 

95987 

95826 

,97418 

97319 

97220 

97IIO 

96995 

96877 

96752 

96620 

96484 

96344 

96192 

>97635 

97556 

97472 

97384 

97284 

97181 

97074 

96959 

96836 

96708 

96568 

,97860 

97801 

97737 

97666 

97589 

97500 

97410 

97309 

97203 

97086 

96963 

,98108 

98076 

98°33 

97980 

9792C 

97847 

97771 

97688 

97596 

97495 

97385 

,98412 

98397 

98373 

98338 

98293 

98239 

98176 

98106 

98028 

97943 

97845 

,98804 

98804 

98795 

98774 

98745 

98702 

98654 

98594 

98527 

98454 

98367 

>99334 

99344 

99345 
99338 
993 1 6 
99284 
99244 
99194 

99*34 
99066 
1 98991 

From ‘this  table,  when  the  fpecific  gravity  of  any  fpirituous  liquor  is  afcer- 
tained,  it  will  be  eafy  to  find  the  quantity  of  rectified  fpirit  of  the  abovemen- 
tioned  ftandard,  contained  in  any  given  quantity  of  it,  either  by  weight  or  mea- 
fure.  As  common  arithmetic  is  competent  to  furnifh  the  rules  for  this  purpofe, 
it  would  be  fuperfluous  to  give  them  here.  Dr.  Blagden  is  of  opinion,  that  all 
the  objedts  of  enquiry  fliould  be  reduced^  to  tables ; the  firft  of  which  might 
exhibit  the  fpecific  gravities  of  different  mixtures,  from  1 to  100  parts  of  water, 
increafing  by  one,  at  every  degree  of  heat  from  40  to  80,  being  the  utmoft  limits 
of  temperature  that  can  be  wanted  in  common  practice.  This  table  need 
only  be  calculated  to  three  places  of  figures,  which  will  always  give  the  quantity 
of  fpirit  true  within  a fiftieth  part  of  the  whole,  and  in  the  mod  ufual  degrees  of 
heat  within  a hundredth  ; and  to  this  number  of  figures  the  aerometer,  or  hydro- 
meter, fhewing  the  fpecific  gravities,  could  be  fuited.  A further  reafon  for  con- 
tinuing only  to  three  places  of  figures  is,  that,  accurate  as  Mr.  Gilpin’s  experi- 
ments have  been,  fome  irregularities  are  found  in  the  two  laft  of  the  five  decimals 
to  which  his  tables  are  calculated.  The  greateft  of  thefe  irregularities,  Dr. 
Blagden  is  of  opinion,  do  not  exceed  the  quantity  correfponding  to  a difference  of 
one-fifth  of  a degree  of  heat,  and  in  general  they  are  much  lefs.  A table  might 
be  conftrudled  to  fhew  what  the  numbers  would  probably  have  been  to  the  five 
places  of  decimals,  if  there  had  been  no  kind  of  error  in  the  experiments* 
Another  table  fbould  be  of  the  volumes,  exhibiting  what  proportion  the  fpirit  and 
water  bore  to  each  other  by  meafure  or  bulk,  in  the  different  mixtures ; whence 
might  be  calculated  a very  ufeful  table  of  diminutions,  to  fhew  when  a given 
weight,  or  volume,  of  a certain  fpirit  and  water  are  mixed  together,  how  much, 
their  bulk  would  be  diminifhed  ; or  what  is  called  by  diftillers  the  concentration. 
From  fuch  a table  the  diftiller  could  learn  what  quantity  of  water  he  muff;  mix: 
with  fpirit  of  a given  ftrength,  in  order  to  reduce  it  to  proof  fpirit,  or  any  other 
ftrength  ; and  likewife  what  quantity  of  proof  fpirit,  or  fpirit  of  any  other 
ftrength,  he  may  obtain,  by  adding  water  to  fpirit  of  a given  ftrength  ; both 
circumftances  very  neceflary  to  be  known  in  the  trade,  and  which  fome  of  the: 
Aiding  rulers  now  in  ufe  profefs  to  point  but. 

Dr.  Blagden  chofe  this  point  of  the  thermometer  6o°  in  preference  to  55V 
becaufe  it  is  much  the  moft  fuitable  for  experiments,  being  the  temperature  at 
which  a room  feels  pleafant,  and  in  which  any  operation,  however  flow  and 
tedious,  can  be  executed  without  the  uneafy  fenfation  of  cold  ; for  this  reafon  it 
has  been  adopted  by  many  Englifh  philofophers.  In  the  table  formerly  recom- 
mended. 
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mended,  from  40  to  80  degrees  of  the  thermometer, ‘It will  be  the  middle  tem- 
perature. 

The  fpecific  gravity  of  ,825  having  been  fixed  upon  as  the  fta'ndard  of  redified 
fpirit  in  the  tables,  Mr.  Gilpin  was  defired  to  afcerlain  by  experiment  what 
proportion  of  water  would  be  neceflary  to  reduce  the  lighted:  alcohol  in  his 
pofleffion  to  that  ftandard.  This  was  fome  alcohol  already  mentioned,  which 
Mr.  Lewis  had  furnifihed  j and  its  fpecific  gravity  being  ,814196  at  6o°,  3000 
grains  of  it  mixed  with  135  grains  of  diflilled  water  formed  a compound,  whofe 
fpecific  gravity  was  ,825x53  ; that  is  in  round  numbers,  100  grains  of  alcohol  at 
,814  with  4,5  grains  of  water  form  the  ftandard  of  fpirit  at  ,825. 

Dr.  Blagden  obferves,  that  the  fmall  quantities  mixed  and  weighed  ought  not 
to  be  any  objedion  to  the  preceding  experiments ; that  if  the  inftruments  be 
exceedingly  exad,  and  the  experimenters  equal  to  the  talk  of  ufing  them  pro- 
perly, the  errors  upon  moderate  quantities  will  be  quite  as  fmall  in  proportion 
as  upon  large  ; and  that  in  this  particular  inftance,  where  the  greateft  fource  of 
error  lay  in  the  determination  of  the  heat,  the  fmaller  quantities  had  in  that 
refped  an  evident  advantage,  it  being  much  eafier  to  bring  fix  ounces  of  a liquor 
to  an  uniform  temperature,  than  fo  many  gallons.  One  of  the  moft  eflential 
inftruments,  namely  the  balance,  was  fo  much  fuperior  in  nicety  to  any  thing 
that  could  be  wanted  in  thefe  experiments,  that  error  in  weighing  fnuft  be 
thrown  entirely  out  of  the  queftion.  It  was  conftruded  by  Mr.  Ramfden ; and 
fome  account,  though  very  imperfed,  of  its  admirable  mechanifm,  as  well  as  of 
its  extreme  fenfibility,  even  when  loaded  with  confiderable  weights,  has  been 
given  in  the  xxxiiid  volume  of  the  Journal  de  Phyfique. 

Dr.  Blagden  concludes  this  part  of  the  report  with  obferving,  that  as  the  ex- 
periments were  made  with  pure  fpirit  and  water,  if  any  extraneous  fubftances  are 
contained  in  the  liquor  to  be  tried,  the  fpecific  gravity  in  the  tables  will  not  give 
exadly  the  proportions  of  water  and  fpirit  in  it.  The  fubftances  likely  to  be  found 
in  fpirituous  liquors,  where  no  fraud  is  fufpeded,  are  eflential  oils  ; fometimes 
empyreumatic,  mucilaginous  or  extractive  matter,  and  perhaps  fome  faccharine 
matter.  The  effed  of  thefe,  in  the  courfe  of  trade,  feems  to  be  hardly  fuch  as 
would  be  worth  the  cognizance  of  the  excife,  nor  could  it  eafily  be  reduced  to 
certain  rules.  Eflential  and  empyreumatic  oils  are  nearly  of  the  fame  fpecific 
gravity  as  fpirit,  in  general  rather  lighter,  and  therefore,  notwithftanding  the 
mutual  penetration,  will  probably  make  little  change  in  the  fpecific  gravity  of 
any  fpirituous  liquor  in  which  they  are  diflblved.  The  other  fubftances  are  all 
heavier  than  fpirit;  the  fpecific  gravity  of  common  gum  being  1,482,  and  o/ 
fugar  1,606,  according  to  the  tables  of  M.  Briflon.  The  effed  of  them  there- 
fore will  be  to  make  fpirituous  liquors  appear  lefs  ftrong  than  they  really  are. 
An  idea  was  once  entertained  of  endeavouring  to  determine  this  matter  with 
fome  precifion;  and  accordingly  Dr.  Dollfufs  evaporated  1000  grains  of  brandy, 
and  the  fame  quantity  of  rum,  to  drynefs  $ the  former  left  a refiduum  of  40- 
grains,  the  latter  only  of  grains.  The  40  grains  of  refiduum  from  the  brandy, 
diflblved  again  in  a mixture  of  100  of  fpirit,  with  50  of  water,  increafed  its 
fpecific  gravity  ,00041:  hence  the  effed  of  this  extraneous  matter  upon  the 
fpecific  gravity  of  the  brandy  containing  it,  would  be  to  increafe  the  fifth- 
decimal  by  6 nearly,  equal  to  what  would  indicate  in  the  above-mentioned  mix- 
ture, about  one-feventh  of  S.  grain  of  water  more  than  the  truth,  to  100  of. 
fpirit ; a quantity  much  too  minute  for  the  confideration  of  government*. 

* Here  ends  the  Report  of  Dr.  Blagden., 
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The  mod  remarkable  charafteriftic  property  of  ardent  fpirit,  is  its  folubility  or 
combination  in  all  proportions  with  water;  a property  polfefled  by  no  other  com- 
buftible  fubftance.  When  it  is  burned  in  a chimney  which  communicates  with 
the  worm-pipe  of  a diddling  apparatus,  the  produdt  which  is  condenfed  is  found 
to  confid  of  water,  which  exceeds  the  fpirit  in  weight  about  one  eighth  part.  If 
ardent  fpirit  be  burned  in  clofed  veflels  with  vital  air,  the  product  is  found  to  be 
water  and  fixed  air.  Whence  it  is  inferred  that  ardent  fpirit  confids  of  inflam- 
mable air,  united  either  to  fixed  air  or  its  acidifiable  bafe ; and  that  the  vital  air, 
uniting  on  the  one  part  with  the  inflammable  air,  forms  water ; and  on  the  other 
with  the  bafe  of  the  fixed  air,  forms  that  acid  *. 

A confiderable  number  of  the  ufes  of  this  fluid  as  a menflruum  have  pafled 
under  our  obfervation  in  the  various  articles  of  this  work.  The  mutual  a&ion 
between  ardent  fpirit  and  acids  produces  a light,  volatile,  and  inflammable  oil, 
called  ether.  See  Ether.  Pure  alkalis  unite  with  fpirit  of  wine,  and  form  alka- 
line tindtures.  Few  of  the  neutral  falts  unite  with  this  fluid,  except  fuch  as  con- 
tain the  volatile  alkali.  The  mild  fixed  alkalis,  or  combinations  of  alkali  and 
fixed  air,  are  not  foluble  in  it.  From  the  ftrong  attraffion  which  exifts  between 
ardent  fpirit  and  water,  it  unites  with  this  laft  in  faline  folutions,  and  in  molt 
cafes  precipitates  the  fait.  This  is  a pleafing  experiment,  which  never  fails  to 
furprife  thofe  who  are  unacquainted  with  chemical  effe&s.  If,  for  example,  a 
faturated  folution  of  nitre  in  water  be  taken,  and  an  equal  quantity  of  ftrong 
fpirit  of  wine  be  poured  upon  it,  the  mixture  will  conftitute  a weaker  fpirit, 
which  is  incapable  of  holding  the  nitre  in  folution ; it  therefore  falls  to  the  bot- 
tom inftantly,  in  the  form  of  minute  cryftals. 

The  degrees  of  folubility  of  many  neutral  falts  in  fpirit  of  wine,  are  exaftly 
afcertained  by  experiments  made  by  Macquer,  of  which  an  account  is  publilhed 
in  the  Memoirs  of  the  Turin  Academy.  The  fpirit  of  wine  he  employed  was 
carefully  freed  from  fuperabundant  phlegm  by  repeated  redifications,  without 
addition  of  any  intermediate  fubftance.  A phial  which  contained  one  Paris 
ounce  of  diftilled  water  when  Reaumur’s  thermometer  was  at  fix  degrees  above 
the  freezing  point,  contained  of  this  redified  fpirit  fix  gros  and  fifty-four  grains. 
The  falts  employed  in  his  experiments  were  previoufly  deprived  of  their  water  of 
cryftallization  by  a careful  drying.  He  poured  into  a matrafs,  upon  each  of  the 
falts  thus  prepared,  half  an  ounce  of  his  fpirit  of  wine,  and  fet  the  matrafs  in  a 
fand-bath.  When  the  fpirit  began  to  boil,  he  filtrated  it  while  it  was  hot,  and 
left  it  to  cool  that  he  might  obferve  the  cryftallizations  which  took  place.  He 
then  evaporated  the  fpirit,  and  weighed  the  faline  refiduums.  He  repeated  thefe 
experiments  a fecond  time,  with  this  difference,  that  inftead  of  evaporating  the 
fpirit  in  which  the  fait  had  been  digefted,  he  fet  fire  to  it  in  order  to  examine  the 
phenomena  which  its  flame  might  exhibit.  The  principal  refults  of  his  experi- 
ments are  fubjoined. 

* For  an  account  of  thefe  experiments,  and  the  precautions  neceflary  to  be  attended  to  in  making 
them,  confult  the  Memoirs  of  M.  JLavoifier,  in  the  Memoirs  of  the  Royal  Academy  at  Paris  for  1781 
and  1784. 
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Quantity  of  grains. 


Salts  foluble  in  2 00  grains  of  fpirit. 


Peculiar  phenomena  of  the  flame. 


O 

}S 

o 

o 

108 

24 

o 

288 

288 

o 

84 

o 

o 

o 

204 

o 

4 - 

36 


48 


48 


Vitriolated  tartar 
Nitre 


None 

f Flame  larger,  higher,  more  ar- 
1 dent,  yellow,  and  luminous 
J Large,  ardent,  yellow,  and  lumi- 
\ nous 
Confiderably  red 
Yellow,  luminous,  detonating 
Larger,  more  ardent,  and  reddifh 
None 

Whiter,  more  luminous 
None 
None 

f Larger,  more  luminous,  red  and 
1 decrepitating 

f Marine  fait  with  calcareous  f Like  that  of  the  calcareous 


Salt  of  Sylvius 

Glauber’s  fait 
Cubic  nitre 
Common  fait 
Vitriolic  ammoniac 
Nitrous  ammoniac 
Sal  ammoniac 
Selenites 

Nitre  with  calcareous  balls 


\ balls 
Vitriol  of  lilver 
Nitre  of  filver 
Luna  cornea 
Vitriol  of  mercury 
Nitre  of  mercury 

Corrofive  fublimate 

Martial  vitriol 
Martial  nitre 

Martial  marine  fait 
Vitriol  of  copper 

Cupreous  nitre 
Cupreous  marine  fait 


\ nitre 
None 
None 
None 
None 
None 

{Large,  yellow,  luminous  and  de- 
crepitating 
None 

Red  and  decrepitating 
f More  white,  luminous  and 
\ fparkling 
■ None 

{More  white,  luminous,  and  green, 
much  fmoke.  The  faline  reli- 
duum  became  black  and  burnt 
f Fine  green,  white,  and  red  ful- 
(_  gurations. 


Macquer  accompanies  the  relation  of  his  experiments  with  many  judicious  re- 
flexions, not  eafily  capable  of  abridgment. 

Sulphur  does  not  appear  to  be  aXed  upon  more  ftrongly  by  ardent  fpirit  than 
by  water.  If  fulphur  in  fublimation  meet  with  the  vapour  of  fpirit  of  wine,  a 
very  fmall  portion  combines  with  it,  which  communicates  an  hepatic  odour  to 
the  fluid.  The  increafed  furface  of  the  two  fubftances  appears  to  favour  the 
combination. 

Phofphorus  is  fparingly  foluble  in  ardent  fpirit,  but  in  greater  quantity  by  heat 
than  in  cold.  The  addition  of  water  to  this  folution  affords  an  opake  milky- 
fluid,  which  gradually  becomes  clear  by  the  fubfidence  of  the  phofphorus. 

* Thefe  four  grains  were  an  acid  matter.  This  fait  could  not  be  dried  without  decompofition. 

i Earths 


S P I' 


S P I 


( &3o  ) 

Earths  feeni  to  have  fcarce  any  adtion  upon  ardent  fpirit.  Quick-lime,  how- 
ever, produces  fome  alteration  in  this  fluid,  by  changing  its  flavour  and  rendering 
it  of  a yellow  colour.  A (mail  portion  is  probably  taken  up. 

Soaps  are  diflolved  with  great  facility  in  ardent  fpirit,  with  which  they  combine 
more  readily  than  with  water.  None  of  the  metals,  nor  their  calces,  are  adted 
upon  by  this  fluid.  Refins,  eflential  oils,  camphor,  bitumen,  and  various  other 
fubftances,  are  diflolved  with  great  facility  in  ardent  fpirit,  from  which  they  may 
be  precipitated  by  the  addition  of  water. 

According  to  the  experiments  and  deductions  of  Lavoifier  and  other  modern 
chemifts,  the  vinous  fermentation  by  which  ardent  fpirit  is  produced  is  an  ope- 
ration of  confiderable  fimplicity.  This  author,  in  his  Elements  of  Chemiftry, 
has  even  ventured  to  tabulate  the  whole  of  the  refults;  which,  if  repeated  and 
fufficiently  varied,  would  no  doubt  greatly  advance  our  knowledge  in  this  de- 
partment of  fcience.  I flrall  conclude  the  prefent  article  with  his  very  perfpi- 
cuous  explanation  of  this  procefs,  retaining  in  juftice  to  him  the  terms  of  the 
modern  nomenclature,  which  are  here  but  few,  and  are  explained  under  our  ar- 
ticle Nomenclature. 

The  manner  in  which  wine,  cyder,  mead,  and  all  the  liquors  formed  by  the 
fpirituous  fermentation,  are  produced,  is  well  known  to  every  one.  The  juice  of 
grapes  or  of  apples  being  exprefled,  and  the  latter  being  diluted  with  water,  they 
are  put  into  large  vats,  which  are  kept  in  a temperature  of  at  leaft  54.50  of  the 
thermometer.  A rapid  inteftine  motion  or  fermentation  very  foon  takes  place, 
numerous  globules  form  in  the  liquid  and  burft  at  the  furface ; when  the  fer- 
mentation is  at  its  height,  the  quantity  of  gas  difengaged  is  fo  great  as  to  make 
the  liquor  appear  as  if  boiling  violently  over  a fire.  When  this  gas  is  carefully 
gathered,  it  is  found  to  be  carbonic  acid,  or  fixed  air  free  from  admixture  with 
any  other  fpecies  of  air  or  gas,  but  ufually  containing  a portion  of  ardent  fpirit. 

When  the  fermentation  is  completed,  the  juice  of  grapes  is  changed,  from 
being  fweet  and  full  of  fugar,  into  a vinous  liquor,  which  no  longer  contains  any 
fugar,  and  from  which  we  procure  by  diftillation  an  inflammable  liquor,  known 
in  commerce  under  the  name  of  fpirit  of  wine. 

This  operation  is  one  of  the  mod  extraordinary  in  chemiftry.  We  mud  ex- 
amine whence  proceed  the  difengaged  carbonic  acid  and  the  inflammable  liquor 
produced,  and  in  what  manner  a fweet  vegetable  oxyd  becomes  thus  converted 
into  two  fuch  oppofite  fubftances,  whereof  one  is  combuftible  and  the  other  emi- 
nently the  contrary.  To  folve  thefe  two  queftions  it  is  necefiary  to  be  previoufly 
acquainted  with  the  analyfis  of  the  fermentable  fubftance,  and  of  the  produ&s  of 
the  fermentation. 

We  may  lay  it  down  as  an  inconteftable  axiom,  that  in  all  the  operations  of  art 
and  nature,  nothing  is  creared ; an  equal  quantity  of  matter  exifts  both  before 
and  after  the  experiment ; the  quality  and  quantity  of  the  elements  remain  pre- 
cifely  the  fame ; and  nothing  takes  place  beyond  changes  and  modifications  in  the 
combinations  of  thefe  elements.  Upon  this  principle  the  whole  art  of  perform- 
ing chemical  experiments  depends : we  muft  always  fuppofe  an  exad  equality 
between  the  elements  of  the  body  examined,  and  thofe  of  the  products  of  its  ana- 
lyfis. 

Hence,  fince  from  muft;  of  grapes  we  procure  alcohol  and  carbonic  acid,  La- 
voifier  concludes  he  has  undoubted  right  to  fuppofe  that  muft  confifts  of  carbonic 
acid  and  of  alcohol  : but  his  tranflator  juftly  remarks,  that  in  this  aflertion  the 
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confequences  do  not  ftri&ly  follow  from  the  premifes;  becaufe  from  the  muft  of 
grapes  we  procure  carbonic  acid  and  alcohol,  it  is  a neceffary  confequence  that 
the  original  muft  contains  the  conftituent  elements  of  carbonic  acid  and  alcohol, 
but  not  that  thefe  produfts  of  fermentation  are  already  formed.  From  thefe 
premifes  we  have  two  methods  of  afcertaining  what  paffes  during  vinous  fermen- 
tation : either  by  determining  the  nature  of,  and  the  elements  which  compofe, 
the  fermentable  fubftances,  or  by  accurately  examining  the  produ&s  refulting 
from  fermentation  ; and  it  is  evident  that  the  knowledge  of  either-of  thefe  muft 
lead  to  accurate  conclufions  concerning  the  nature  and  compofition  of  the  other. 
From  thefe  confiderations  it  became  neceffary,  accurately  to  determine  the  con- 
ftituent elements  of  the  fermentable  fubftances ; and  for  this  purpofe  he  did  not 
make  ufe  of  the  compound  juices  of  fruits,  the  rigorous  analyfis  of  which  is  per- 
haps impoffible,  but  made  choice  of  fugar,  which  is  eafily  analyfed.  This  fub- 
ftance  he  ftates  to  be  true  vegetable  oxyd  with  two  bafes,  compofed  of  hydrogen 
and  carbon,  brought  to  the  ftate  of  an  oxyd  by  means  of  a certain  proportion  of 
oxygen  ; and  thefe  three  elements  are  combined  in  fuch  a way,  that  a very  flight 
force  is  fufficient  to  deftroy  the  equilibrium  of  their  conne&ion.  By  a long  train 
of  experiments,  made  in  various  ways,  and  often  repeated,  he  afcertained  that  the 
proportions  in  which  thefe  ingredients  exift  in  fugar  are,  nearly  eight  parts  of  hy- 
drogen, fixty-four  parts  of  oxygen,  and  twenty-eight  parts  of  carbon,  all  by 
weight,  forming  one  hundred  parts  of  fugar. 

Sugar  muft  be  mixed  with  about  four  times  its  weight  of  water,  to  render  it 
fufceptible  of  fermentation;  and  even  then  the  equilibrium  of  its  elements  would 
remain  undifturbed,  without  the  affiftance  of  fome  fubftance  to  give  a commence- 
ment to  the  fermentation.  Lavoifier’s  tranflator,  however,  remarks  here,  that  this 
is  not  ftri&ly  true ; for,  efpecially  in  warm  weather,  all  fyrups  are  apt  to  run 
into  fermentation,  unlefs  very  rich  of  the  fugar,  and  carefully  preferved.  At  the 
fame  time  this  fpontaneous  fermentation  is  not  fo  regular  as  when  affifted  by  yeaft, 
and  is  apt  to  become  in  part  acetous  before  completing  the  vinous  procefs. 

The  commencement  of  the  fermentation  is  accomplifhed  by  means  of  a little 
yeaft  from  beer  ; and  when  the  fermentation  is  once  excited,  it  continues  of 
itfelf  until  completed.  Lavoifier  ufually  employed  ten  pounds  of  ysaft,  in  the 
ftate  of  pafte,  for  each  hundred  pounds  of  fugar,  with  as  much  water  as  is  four 
times  the  weight  of  the  fugar.  The  following  is  the  refult  of  hi&  experiments, 
exaftly  as  they  were  obtained,  preferving  even  the  fractions  pi^Hied  by  calcu^. 
lation. 

Table  I . Materials  of  Fermentation . 

lbs. 

Water  — — — 400 

Sugar  — , — — 100 

Yeaft  in  pafte,  10  lbs.  *1  Water  — 7,2391493 

compofed  of  J Dry  .yeaft  — 2,7608507 

Total  510  lbs. 
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Table 


Table  II*  Conjlitnent  Elements  of  the  Materials  of  Ferment  ationl 
407.2391493  lbs.  of  water,  f Hydrogen  — 61,0858724 

compofed  of  f Oxygen  — 34691532769 

{Hydrogen  — 

Oxygen  — 

Carbon  — 

{Hydrogen  — 

Oxygen  — 

Carbon  — 

Azoc  — 


8 
64 
28 

,2900716 

1,6437457 

,78y6Sn) 

>o3938i5 


Total  weight  510  lbs. 


Oxygen 


Hydrogen 


Table  III.  Recapitulation  of  thefe  Elements 

lbs. 

of  the  water 

of  the  water  in  the  yeaft 


j of  the  fugar  — 
l of  the  dry  yeaft 

{of  the  water  — 
of  the  water  in  the  yeaft 
of  the  fugar  — . 
of  the  dry  yeaft 
| of  the  fugar  — 


Carbon  < r 

f of  the  yeaft  — 

Azot  of  the  yeaft 


34° 

6.1532769 
64 

i-6437457 

60 

1.0858724 

8 

0.2900716  J 

IL7876519  } 28'787«i>9 

— O.O393815 


lbs.  . 
411.7970226* 


69-3759440 


In  all  510  lbs. 


Having  thus  accurately  determined  the  nature  and  quantity  of  the  conftituent 
elements  of  the  materials  fubmitted  to  fermentation,  we  have  next  to  examine- 
the  produces  refulting  from  that  procefs.  For  this  purpofe  Lavoifier  placed  the 
above  5iolbs.  of  fermentable  liquor  in  a proper  apparatus,  by  means  of  which  he 
could  accurately  determine  the  quantity  and  quality  of  gas  difengaged  during  the- 
fermentation,  and  could  even  weigh  every  one  of  the  products  feparately,  at  any 
period  of  the  procefs  he  judged  proper. 

An  hour  or  two  after  the  fubftances  are  mixed  together,,  efpecially  if  they  are 
kept  in  a temperature  of  from  66°  to  73*  of  the  thermometer,  the  firft  marks  of 
fermentation  commence  : the  liquor  turns  thick  and  frothy  ; little  globules  of  air 
are  difengaged,  which  rife  and  burft  at  the  furface  ; the  quantity  of  thefe  globules  , 
quickly  increafes,  and  there  is  a rapid  and  abundant  production  of  very  pure 
carbonic  acid,  accompanied  with  a fcum,  which  is  the  yeaft  feparating  from  the 
mixture.  After  fome  days,  lefs  or  more  according  to  the  degree  of  heat,  the  in- 
teftine  motion  and  difengagement  of  gas  diminifh  ; but  thefe  do  not  ceafe  en- 
tirely, nor  is  the  fermentation  completed  for  a confiderable  time.  During  the 
procefs,  35.34581 16  lbs.  of  dry  carbonic  acid  are  difengaged,  which  carry 
along  with  them  13.9140625  lbs.  of  water.  There  remains  in  the  veffel 
460.7401259  lbs.  of  vinous  liquor,  flightly  acidulous.  This  is  at  firft  muddy, 
but  clears  of  itfelf,  and  depofits  a portion  of  yeaft..  When  we  feparately  analyfc 
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all  thefe  fubftances,  which  is  effected  by  very  troublefome  proceffes,  we  have  the 
refults  as  given  in  the  following  tables  : 


Table  IV.  Products  of  Fermentation. 


35.3458 11 6 lbs.  of  carbo- 
nic acid,  com- 
pofed  of 

408.9780816  lbs.  of  water, 
compofed  of 

£7.7016059  lbs.  of  dry  al- 
cohol, com-  < 
pofed  of  j 

2.5000000  lbs.  of  dry 
acetous  acid, 
compofed  of 

4.0940755  lbs.  of  refidu- 
um  of  fugar, 
compofed  of 

1.3804254  lbs.  of  dry 
yeaft,  com-, 
pofed  of 


Oxygen  — — 

Carbon  — < — 

Oxygen  — ^ — 

Hydrogen  ■ — • — 

Oxygen,  combined  with  hydrogen 

i Hydrogen,  combined  with  oxygen 
Hydrogen,  combined  with  carbon 
Carbon,  combined  with  hydrogen 

{Hydrogen  — — 

Oxygen  — - 

Carbon  —»  — 

{Hydrogen  — 

Oxygen  — - 

Carbon  — — — 

f Hydrogen  — — 

Oxygen  — — 

Carbon  — ■ — • — 

Azot  — ■— 


510  lbs. 


. 25.4490017 
* 9.8968099 

347.6314019 

61.2466797 

31.3897570 

5.5393880 

4.0390625 

j6.7333984 
0.1562500 
1.7187500 
0.6250000 
0.3275825 
■ 2.6201172 

i,i46'3758 
°-*45°738 
0.82 183 1 7 
0.3938802 
0.0196397 

510  lbs. 


Table  V.  Recapitulation  of  the  Produftsd 


409.6308595  lbs.  of  oxygen 
contained  in 
the 


28.7954643  lbs.  of  carbon 
contained  in. 
the 


7 1 .5540365  lbs.  of  hydro- 
gen contained 
in  the 


"Water  , — 

— 

347-63I4oi9 

Carbonic  acid  *— 

— 

25.4490017 

Alcohol  — 

* — 

3I*389757° 

Acetous  acid  — 

— 

1.7x871:00 

Refiduum  of  fugar 

2.6201172 

h Yeaft  — 

— 

0.821 8317 

” Carbonic  acid  — 

— 

9.8968099 

Alcohol  — 

— ' 

l6*7333984 

Acetous  acid  — 

■ — 

0.6250000 

Refiduum  of  fugar 

— 

i.i463758 

.Yeaft  — 

— 

°-3938802 

Water 

— 

61.3466797 

Water  of  the  alcohol 

— 

5-539388o 

Combined  with  the  carbon  of  the 

alcohol  — 

— 

4*0390625 

Acetous  acid  — 

— 

0.1562500 

Refiduum  of  fugar 

— 

0.3275825 

.Yeaft  — 

— - 

0.1450738 

the  yeaft  — 

— 

0.0196397 

510  lbs. 


510  lbs. 
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In  the  calculation  of  thefe  refults,  Lavoilier  has  been  exaft  even  to  minute- 
nefs ; not  that  it  is  poffible  in  experiments  of  this  nature;  adlually  to  carry  our 
accuracy  fofar;  but  as  the  experiments  were  made  only  with  a few  pounds  of 
fugar,  and  as,  for  the  fake  of  comparifon,  he  reduced  the  refults  of  the  real  ex- 
periments to  the  quintal,  or  imaginary  hundred  pounds,  he  thought  it  neceffary 
to  leave  the  fradional  parts  precifely  as  produced  by  calculation. 

When  we  confider  the  refults  prefented  by  thefe  tables  with  attention,  it  feems 
eafy  to  afcertain  what  occurs  during  fermentation.'  In  the  firft  place,  out  of  the 
j'oolbs.of  fugar  employed,  4.0940755^5.  remain,  without  having  fuffered  de- 
compofition  : fo  that  in  reality  we  have  only  operated  upon  95.9059245^5.  of 
fugar;  that  is  to  fay,  upon  61.37979168^3.  of  oxygen,  7.672473961^.  of  hy- 
drogen, and  26.85365886^5.  of  carbon.  By  comparing  thefe  quantities,  we 
find  that  they  are  fully  fufficient  for  forming  the  whole  of  the  alcohol,  carbonic 
acid,  and  acetous  acid,- produced  by  the  fermentation.  It  is  not,  therefore, 
neceffary  to  fuppofe  that  any  water  has  been  decompofed  during  the  experiment, 
tinlefs'  it  be  pretended  that  the  oxygen  and  hydrogen  exift  in  the  fugar  already 
combined  in  that  form.  On  the  contrary,  it  has  already  been  made  evident 
that  hydrogen,  oxygen,  and  carbon,  the  three  conftituent  elements  of  vege- 
table fubftances,  remain  in  a ftate  of  equilibrium,  or  mutual  union  with  each 
other,  which  fubfifts  fo  long  as  this  union  remains  undifturbed  by  increafed  tem- 
perature, or  by  means  of  fome  new  compound  attra&ion ; and  that  then  only 
thefe  elements  combine,  two  and  two  together,  to  form  water  and  carbonic 
acid. 

The  effe&s  of  the  vinous  fermentation  upon  fugar  are  thus  reduced  to  the  mere 
feparation  of  its  elements  into  two  portions  : one  part  is  oxygenated  at  the  expence 
of  the  other,  fo  as  to  form  carbonic  acid,  while  the  other  part,  being  difoxygenated 
in  favour  of  the  former,  is  converted  into  the  combuftible  fubftance  called  alco- 
hol ; therefore,  if  it  were  poffible  to  re-unite  alcohol  and  carbonic  acid  together, 
we  ought  to  form  fugar.  It  is  evident,  that  the  carbon  and  hydrogen  in  the 
alcohol  do  not  exift  in  the  ftate  of  oil,  but  that  they  are  combined  with  a por- 
tion of  oxygen,  which  renders  them  mifcible  with  water  • wherefore  thefe  three 
fubftances,  oxygen,  hydrogen,  and  carbon,  exift  here  likewife  in  a fpecies  of 
equilibrium  or  reciprocal  combination  ; 4nd  in  fad,  when  they  are  made  to 
pafs  through  a red  hot  tube  of  glafs,  or  porc'el'ain,  this  union  or  equilibrium  is 
deftroyed  ; thefe  elements  become  re-combined  two  and  two,,  and  water  and  car- 
bonic acid  are  formed. 

Lavoifier,  in  his  firft  Memoirs  on  the  formation  of  water,  had  advanced  that 
it  was  decompofed  in  a great  number  of  chemical  experiments,  and  particularly' 
during  the  vinous  fermentation.  He  then  fuppofed  that  water  exifted  ready 
formed  in  fugar ; but  fubfequent  experiments  convinced  him  that  fugar  only 
contains  the  elements  proper  for  compofing  it. 

He  concludes  his  remarks  upon  vinous  fermentation  by  obfervins,  that  it 
furniflies  us  with  the  means  of  analyfing  fugar,  and  every  vegetable  fermentable 
matter.  We  may  confider  the  fubftances  fubmitted  to  fermentation,  and  the 
produds  refulting  from  that  operation,  as  forming  an  algebraic  equation  ; and, 
by  fucceffively  fuppofing  each  of  the  elements  in  this  equation  unknown,  we  can 
calculate  their  values  in  fucceffion,  and  thus  verify  our  experiments  by  calcula- 
tion, and  our  calculations  by  experiments,  reciprocally.  He  adds,  that  he  has 
often  fuccefskilly  employed  this  method  for  correding  the  firft  refults  of  his  ex- 
periments. 
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periments,  and  diredUng  him  in  the  proper  road  for  repeating  them  to  ad- 
vantage. 

SPIRIT  OF  LIBAVIUS.  The  fame  thing  as  the  fmoking  liquor  of  Liba- 
vius  ; for  which  fee  the  article  Tin. 

SPIRIT  OF  NITRE.  See  Nitrous  Acid.  In  the  (hops  the  purer  ni- 
trous acid  is  called  fpirit  of  nitre,  and  the  lefs  pure  ufed  by  artifans,  is  called 
aqua  fortis.  Some  authors  aflert  that  the  common  aqua  fortis  being  diftilled 
from  impure  nitre,  and  containing  marine  acid,  has  in  many  cafes  the  effedt  of 
an  aqua  regia.  We  have  already  remarked  that  the  refiners  purify  their  aqua 
foitis  by  adding  a fmall  portion  of  the  nitrous  folution  of  filver,  the  metallic 
part  of  which  combining  with  the  marine  acid  falls  down  in  the  form  of  luna 
cornea. 

SPIRIT  OF  SALT.  See  Marine  Acid. 

SPIRIT  OF  SULPHUR.  The  volatile  vitriolic  acid.  See  Acid  Vitrio- 
lic, alfo  Sulphur. 

SPIRIT  OF  VENUS.  The  acetous  acid  diftilled  from  the  cryftals  of  verdi- 
grife  without  addition.  It  appears  to  be  in  the  aerated  ftate,  and  accordingly  is 
much  more  adive  than  ordinary  acetous  acid.  It  is  totally  inflammable. 

SPIRIT  OF  VINEGAR.  The  common  acetous  acid,  or  diftilled  vinegar. 

SPIRIT  OF  VITRIOL.  This  name  has  been  given  to  the  firft  portions  of 
acid  which  come  over  in  a diluted  ftate,  when  vitriolic  acid  is  diftilled* or  con- 
centrated. It  has  alfo  been  applied  to  every  other  weak  vitriolic  acid. 

SPIRIT  VOLATILE  OF  SAL  AMMONIAC.  The  volatile  alkali  which 
comes  over  in  a cauftic  ftate  combined  with  water  in  the  diftillation  of  fal  am- 
moniac with  flaked-lime,  was  originally  called  by  this  name.  See  Alkali 
Volatile. 

SPIRIT  OF  WINE,  See  Spirit  Ardent. 

SPIRITUS  RECTOR.  Boerhaave  and  other  chemifts  give  this  name  to  a 
very  attenuated  fubtle  principle,  in  which  the  fmell  of  odorant  bodies  peculiarly 
refides. 

To  obtain  the  fpiritus  redlor  from  odoriferous  fubftances,  thefe  matters  are  to 
be  diftilled  in  the  cucurbit  or  body  of  an  alembic  placed  in  a water  bath,  with  a 
very  gentle  heat,  that  is  from  one  hundred  to  one  hundred  and  ten  degrees  of 
heat,  till  we  perceive  what  rifes  In  diftillation  has  little  or  no  fmell. 

The  principle  of  fmell  in  bodies  is  in  general  too  fubtle  and  too  fugacious 
to  be  obtained  alone  and  pure  by  any  method  whatever.  Accordingly,  it  rifes 
by  means  of  the  water  contained  in  fubftances  diftilled  in  order  to  procure  it, 
and  is  difperfed  and  overwhelmed  in  water.  If  the  odoriferous  matters  from 
which  the  fpiritus  redtor  is  required  to  be  procured  were  abfolutely  dry,  and 
contained  no  other  volatile  principles,  a little  water  or  fpirit  of  wine  ought 
neceflarily  to  be  added,  to  furnifh  a kind  of  balls  to  this  fpirit,  which  would 
otherwife  be  diflipated  and  evaporated,  fo  that  it  could  not  be  collected. 

This  principle  of  the  fmell  of  bodies  is  mifcible  with  water,  with  fpirit  of 
wine,  and  with  oils.  It  feems  however  to  be  of  different  natures,  according  to 
the  fubftances  which  furnKh  it.  Its  properties  fhew  that  it  is  in  general  com- 
pofed  of  an  inflammable  principle,  and  of  a faline  fubftance,  both  extremely 
attenuated.  But  the  fpiritus  redlor  of  fome  fubftances  appears  to  be  more  of  a 
faline,  and  that  of  others  more  of  an  oily  nature. 

All  matters,  the  ftnell  of  which  is  quick,  pungent,  and  which  do  not  affedt 
the  brain  and  nervous  fyftem,  as  the  acrid,  cruciform  plants,  and  fubftances 
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which  undergo  the  acid  fermentation,  contain  a fpiritus  rector,  probably  more 
faline  than  oily. 

Thofe  on  the  contrary  whofe  ftnell  is  fweet,  naufeous  or  ftrong,  without 
acrimony  or  pungency,  and  which  affed  the  head  by  curing  or  occafioning 
hyfterical  or  convulfive  " accidents ; fuch  as  ambergrife,  mufk,  caftor,  burnt 
coffee,  opium,  narcotic  plants,  camphor,  all  aromatic  plants,  and  laftly,  the 
fubftances  which  undergo  the  fpirituous  fermentation ; have,  according  to  all 
appearance,  a fpiritus  reftor  which  partakes  of  the  nature  of  oil.  For,  befides 
that  the  effeds  produced  by  thefe  fubftances  are  fimilar  to  thofe  of  the  vapour 
of  charcoal,  the  fpiritus  redor  of  fome  of  them  is  really  inflammable ; as  for 
inftance,  that  of  fraxinella,  the  exhalations  from  which  form  an  atmofphere  that 
may  be  inflamed  with  a lighted  taper. 

The  fpiritus  redor  of  all  aromatic  plants  feems  particularly  to  be  affociated 
with  their  effential  oils ; atdeaft  all  thefe  oils  contain  a good  deal  of  it.  To  this 
principle  they  certainly  owe  their  ftnell,  and  probably  their  volatility  and  thin- 
nefs ; for  thofe  which  from  age,  or  from  not  having  been  preferved  in  well 
clofed  veffels,  have  loft  their  proper  fmell,  are  at  the  fame  time  much  lefs  thin 
and  volatile,  fince  they  are  no  longer  capable  of  being  raifed  by  the  heat  of 
boiling  water.;  and  befides,  the  plants  from  which  the  fpiritus  redor  has  been  ob- 
tained, furnifh  little  or  no  effential  oil.  See  Oils  (Essential). 

The  fpiritus  redor,  even  that  of  aromatic  plants,  although  it  be  of  an  oily 
nature,  is  perfedly  mifcible  with  water ; which  can  only  proceed  from  its  great 
tenuity,  or  from  the  faline  principle  which  enters  its  compofition. 

SPONGE.  A foft,  light,  very  porous,  and  compreffible  fubftance,  readily 
imbibing  water,  and  diftending  thereby.  It  is  found  adhering  to  rocks,  particu- 
larly in  the  Mediterranean  fea,  about  the  iflands  of  the  Archipelago.  Jt  is  gene- 
rally fuppofed  to  be  a vegetable  produdion  : neverthelefs  fome  obfervations', 
made  by  Juffieu,  give  room  to  fufped  that  it  is  of  animal  origin.  Chemical  ex- 
periments favour  this  fuppofition  : analyfed  it  yields  the  fame  principles  with 
animal  fubftances  in  general.  Lewis  fays,  that  the  volatile  fait  is  in  larger  quan- 
tity than  he  obtained  from  any  animal  matter,  except  the  bags  of  the  filk-worm. 
On  this  fait  feem  to  depend  the  virtues  of  the  officinal  Spongia  ufta.  Crude 
fponge,  from  its  property  of  imbibing  and  diftending  by  moifture,  is  fometimes 
made  ufe  of  as  a tent  for  dilating  wounds  and  ulcers. 

It  adheres  ftrongly  to  the  mouths  of  wounded  veffels  ; and  when  retained  by 
proper  comprelfion,  it  has  prevented  confiderable  bleedings  preferably  to  agaric, 
puff-ball,  See.  On  account  of  the  faline  matter  contained  in  burnt  fponge,  it  has 
been  ufed  in  fcrophulous  and  other  cutaneous  affedions,  and  in  bronchocele. 

SPUMA-MARIS.  See  Keffeicil. 

STAINING  OF  WOOD.  The  pradice  of  ftaining  chiefly  takes  place  in 
folid  and  inflexible  bodies ; and  as  it  is  performed  with  different  views,  it  is  alfo 
different  in  its  nature.  Here  this  kind  only  will  be  confidered,  in  which  a body  is 
dyed  on  its  furface,  or  the  colour  which  it  has  already  is  changed.  It  has 
commonly  this  peculiarity,  that  the  penetrating  materials  are  only  laid  on  the 
bodies  with  a brufh  ; though  the  latter  may  allb  fometimes  be  boiled  or  fteeped 
in  the  former  without  receiving  any  detriment.  It  is  ufed  for  wood,  leather, 
horn,  ivory,  and  various  kinds  of  ftones.  In  all  thefe  cafes  attention  ought  to 
be  paid  to  the  natural  compofition  of  the  bodies  and  their  properties,  as  well  as 
to  the  nature  of  the  ftaining  materials. 

Tor  the  ftaining  of  wood,  fharp  corrofive  fluids  mult  be  ufed,  fuch  as  fpirit 
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ef  vitriol,  aqua  fortis,  or  a folution  of  blue  or  of  green  vitriol,  according  to  the 
nature  of  the  wood,  or  to  the  ftate  into  which  it  has  been  put  by  means  of  art. 
Otherwife  wood  may  be  ftained  red,  by  previoufly  foaking  it  in  alum  water,  and 
then  putting  it  into  a decoftion  of  brazil  wood,  in  lime-water.  It  may  be 
made  blue  with  a fomewhat  diluted  folution  of  indigo  in  vitriolic  acid.  It  af- 
fumes  a green  colour  in  a decodtion  of  verdigrife,  fal  ammoniac  and  vinegar; 
black  in  a decodion  of  galls,  logwood,  vitriol,  filings  of  iron,  and  vinegar. 
For  leather,  on  the  contrary,  thefe  (harp  corrofivQ  fubftances  muft  be  avoided ; 
becaufe  its  durability  will  be  deftroyed  by  them.  To  give  it  a red  colour,  the 
fkins,  after  being  properly  prepared,  are  dipped  into  a folution  of  tartar  and 
common  fait,  then  put  into  a bath  of  madder,  tartar,  alum,  and  calcined  oyfter- 
fhells,  and  fometimes  alfo  at  laft  into  a fimple  decodion  of  brazil  wood.  Or 
the  fkins  are  fteeped  in  alum  water,  and  afterwards  ftained  with  a decodion  of: 
gum  lac,  brazilwood,  alum  and  fal  ammoniac.  They  acquire  a blue  colour 
by  being  rubbed  over  with  a folution  of  indigo  and  alum-water.  They  become 
yellow  in  a decodion  of  turmeric  in  lime-water;  and  green  with  fap  green1  dif- 
folved  in  lime-water.  The  above-mentioned  baths  may  in  like  manner  be  ufed 
for  horn  and  ivory  ; befides  which  the  diluted  folutions  of  mercury,  iron,  copper, 
and  filver  may  alfo  be  employed.  Thefe  latter  liquors  may  likewife  be  laid  upon 
all  kinds  of  trinkets  and  toys  made  of  agate.  For  the  ftaining  of  marble,  co- 
loured refinous  folutions  in  fpirit  of  wine,  or  in  ethereal  oils,  muft  be  ufed  ; and, 
to  promote  the  penetration  of  them  into  its  fubftance,  a little  heat  muft  be  had 
recourfe  to.  In  the  fame  manner,  alabafter  alfo  may  be  ftained  with  various 
colours,  in  particular  red,  with  a decodion  of  brazil-wood  and  alum  ; blue  with 
elder-berries  and  alum;  yellow  with  faffron  or  turmeric,  and  other  liquid  colours 
of  this  kind.  It  is  in  a fimilar  kind  of  ftaining  that  the  effeds  of  common 
writing-ink  confift.  See  Ink. 

STALACTITES.  Thefe  are  found  fufpended  from  vaults,  being  formed 
by  the  oozing  of  water  charged  with  calcareous  particles,  and  gradually  evapo- 
rating, leaving  thofe  particles  behind  : this  deposition  can  fcarce  be  called  a cryf- 
tallization,  as  the  earthy  particles  fcarcely  appear  to  have  been  diffolved,  nor 
even  very  minutely  divided,  though  this  fometimes  happens ; whereas  tranfpa- 
rent  fpars  appear  to  have  been  formed  from  a folution  in  water,  by  means  of. 
the  aerial  acid.  Staladites  are  of  a lamellar  or  granular  texture,  and  either  in  a 
branchy  form,-  or  in  that  of  perforated  cones,  or  globular,  and  then  called  fta- 
lagmites>  oolithes,  pifolites,  &c.  Moft  of  thefe  ftones  contain  a flight  mixture 
of  clay  and  calx  of  iron.  And  hence,  they  are  of  a gray,  brown,  yellow,  or 
blackilh  colour. 

STEATITES.  A ftone  of  the  magnefian  kind,  confiding,  according  to 
Kirwan,  of  80  parts  flex,  17  magnefia,  2 clay,  and  1 iron.  It  is  always  of  a 
green  or  greenifh  colour,  and  fo  foft  as  to  be  fcraped  by  the  nail ; of  a foft 
foapy  feel  ; its  fpecific  gravity  is  from  2.433  to  2.78.  It  is  not.  eaiily.  diffufiblq 
in  water,  nor  rendered  dudile  by  mixture  with  it. 

It  does  not  effervefce  with  acids,  and  is  very  flowly  and  only  partially  fo- 
luble  in  the  three  mineral  acids. 

In  fire  it  hardens,  but  is  infufible  per  fe,  and  becomes  whiter.  It  is  imper- 
fedly  melted  by  mineral  alkali  and  microcofmic  fait,  but  more  perfectly  by  bo- 
rax. It  is  apt  to  corrode  the  crucibles. 

STEEL.  Under  the  articles  Iron  and  Ores  of  Iron,  much  may  be  feen 
concerning  the  properties  and  applications  of  this  ufeful  metal,  and  its  conver- 
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fion  into  fteel.  In  the  prefent  article,  I (hall  avail  myfelf  of  the  valuable  col- 
ledion  of  facts  brought  together  in  the  Encyclopedic  Methodique  ; not  fGru- 
pling  however,  to  make  whatever  abridgment  or  alteration  may  appear  ne- 
cefl'ary. 

The  diftindive  charader  of  fteel  is,  that  when  ignited  and  immediately  plunged 
into  cold  water,  it  becomes  much  harder  than  it  was  before.  Several  of  the 
methods  of  effediig  this  converfion  have  already  been  as  amply  defciibed 
under  the  article  Iron,  as  our  limits  would  admit.  Mr.  Morveau  difeufles 
the  five  following  queftions.  i.  Is  every  kind  of  iron  capable  of  being 
converted  into  fteel?  2.  By  what  means  is  this  converfion  to  be  efteded  ? 
3.  What  are  the  procefles  for  reducing  it  back  to  the  ftate  of  iron  ? 4.  What 
are  the  effeds  of  hardening,  tempering,  and  annealing  fteel  ? 5.  What  are  the 
charaders  and  properties  which  diftinguifh  fteel  from  iron  ? 

It  is  certain  that  every  kind  of  iron  is  convertible  into  fteel.  This  is  mere 
matter  of  fad.  But  from  the  imperfedion  of  the  experiments  yet  made  upon 
this  metal,  numerous  though  they  are,  it  muft  be  confefled  that  the  various  dif- 
ferences of  quality  in  fteel,  which  are  extreme,  arife  much  more  from  original 
differences  in  the  iron  made  ufe  of,  than  from  any  management  in  the  manufac- 
turing procefles  ; and  that  thefe  original  differences  have  been  very  little  invefti- 
gated,  but  exift  more  probably  in  the  ore  itfelf,  than  in  the  fuels,  fluxes,  or 
manipulations  at. the  iron  founderies  and  refineries.  Bergman,  in  his  treatife  on 
the  white  ores  of  iron,  has  pofitively  aferibed  the  excellence  of  the  white 
fteel  ore  to  a proportion  of  manganefe  which  it  contains.  (*  See  Sedion 
X.  of  his  Treatife,  p.  230  Eng.  Trans.)  But  we  know  of  no  dired  ex- 
periments tending  to  afeertain  the  advantages  which  might  arife  from  an 
attempt  to  combine  manganefe  with  iron  ; which  would  indeed  require  fome  ad- 
drefs  in  the  chemift,  on  account  of  the  extreme  temperature  requifite  for  the 
fufion  of  either  metallic  fubftance.  Morveau  is  of  opinion,  that-the  manganefe 
of  the  fparry  iron  ores  becomes  vitrified,  and  aflifts  in£  the  more  perfed  fufion 
and  depuration  of  the  iron,  and  in  no  other  way  ; and  he  is  more  confirmed  in 
this  opinion,  by  obferving  not  only  that  good  fteel  is  procurable  from  ores  of 
other  kinds,  but  that  Bergman  himfelf  examined  feveral  fteels  which  did  not 
afford  more  than  one  two-hundredth  part  of  their  weight  of  manganefe  ; a pro- 
portion which  he  thinks  can  hardly  affed  the  nature  of  the  fteel,  when  dudile 
irons  are  capable  of  being  combined  with  near  one- third  of  their  weight,  with- 
out lofing  their  dudility. 

Upon  this  argument  I muft  remark,  that  the  real  converfion  of  iron  into 
fteel,  by  cementation,  is  effeded  by  an  addition  of  weight  fo  fmall,  that  inac- 
curate obfervers  have  been  difpofedto  affert  that  the  gain  is  altogether  infenfible. 

The  Englifh  fteel  made  by  cementation,  and  afterwards  fufed,  and  fold  un- 
der the  name  of  caft-fteel,  in  bars,  plates,  and  other  forms,  poflefles  great  re- 
putation for  its  uniformity  of  texture,  and  other  good  qualities.  I have  been 
informed  by  various  authorities,  of  which'  the  refpedability  and  connedions  are 
calculated  to  produce  the  moft  abfolute  confidence,  that  all  the  prime  fteels  of 
England  are  made  from  Swedifh  iron,  known  in  this  country  by  the  name  of 
fteel-iron,  of  three  different  marks,  the  firft  of  which  indicates  the  beft  quality, 
and  the  third  the  worft ; and  that  the  whole  produce  of  this  kind  of  iron  is 
monopolized  under  a contrad  with  Sweden,  by  two  commercial  houfes,  one  in 
London,  and  the  other  at  Birmingham,  the  names  of  which  were  mentioned  to 
me.  Hence  it  feems  probable  that  the  ufeful  art  of  fteel-making  might  be 
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much  promoted  by  examining  this  material,  and  afcertaining  chemically,  as  well 
as  mechanically,  what  may  be  the  caufe  of  its  fuperiority.  By  chemical  exa- 
mination, I mean  the  determination  of  its  component  parts,  and  by  mechanical 
examination,  whether  thofe  parts  are  uniformly  diftributed  through  the  whole 
mafs.  For  one  of  the  greateft  imperfections  of  fteel  confifts  in  this  unequal  dif- 
trjbution,  which  produces  a correfpondent  inequality  of  hardnefs  in  the  feveral 
parts  of  fuch  utenfils  as  may  be  made  of  if. 

The  converfion  of  iron  into  fteel,  either  by  fufion,  viz.  the  direCt  change  of 
crude  iron  into  fteel,  or  by  cementation  of  bar-iron,  prefent  many  objedts  of  in- 
terefting  enquiry.  From  various  experiments  ol  Bergman  it  appeared,  that 
good  crude  iron,  kept  for  a certain  time  in  aftate  of  fufion,  with  fuch  additions 
as  appeared  calculated  to  produce  little  other  effedt  than  that  of  defending  the 
metal  from  calcination,  became  converted  into  fteel  with  lofs  of  weight.  Thefe 
fadtsare  conformable  to  the  general  theory  of  Vandermonde, Mongeand  Berthollet, 
which  is  chiefly  infilled  on  under  the  article  Iron.  For,  according  to  their  re- 
fearches,  it  Ihould  follow,  that  part  of  the  plumbago  of  the  crude  iron  was  diffi- 
pated,  and  the  remainder  proved  to  be  fuch  in  proportion  as  conftitntes  fteel. 
The  fame  chemift  cemented  crude  iron  with  plumbago,;  and  found  that  the  re- 
gulus  had  loft  no  weight.  Morveau  repeated  the  experiment  with  gray  crude 
iron.  The  lofs  of  weighJLwas  little,  if  any.  The  regulus  exhibited  the  black 
fpot  by  the  application  of  nitrous  acid,  as  fteel  ufually  does,  but  it  did  not, har- 
den by  ignition  and  plunging  in  water.  Hence,  I conclude  that  it  was  fcarcely 
altered.  For  crude  irons  alfo  exhibit  the  black  fpot,  and  cannot  by  common 
management  acquire  the  hardnefs  bf  fteel. 

From  the  experiments  of  the  three  excellent  chemifts  laft  mentioned,  it  ap- 
pears that  the  gray  crude  iron  conflfts  principally  of  iron,  with  as  much  plum- 
bago as  it  can  diflolve  in  the  ftrong  heat  of  the  fmelting  furnace.  They  have 
fhewn  alfo,  that  it  depofits  part  of  this  addition  when  cooled  in  contafl  with  an 
iron  bar  immerfed  in  the  bath.  This  feparation  mull  be  general  in  the  ordi» 
nary  or  gradual  way  of  cooling,  whence  the  gray  colour  mult  arife  from  the  blue 
white  colour  of  the  iron  mixed  with  the  black  of  the  plumbago.  And  this  gray 
colour  is  alfo  in  a degree  perceived  when  foft  clofe-grained  fteel  is  broken. 
Thefe  circumftances  lead  me  to  conclude,  that  hard  fteel  may  in  a certain  refpeCt 
differ  from  that  which  is  fofter,  by  the  intimate  pombination  of  a larger' propor- 
tion of  plumbago.  This  accounts  for  the  whiter  and  more  metallic  afpeCt  of  har- 
dened fteel,  than  of  fuch  as  is  foft.  For  the  former  contains  lefs  of  difengaged 
plumbago.  Hence  alfo  we  may  account  for  the  greater  hardnefs  of  fteel  which  has 
been  made  quite  hard,  and  then  let  down  by  tempering  to  a certain  colour,  than 
of  fteel  merely  heated  to  that  colour,  and  plunged  in  water.  For  in  the  firft 
method  of  hardening,  a fufficient  degree  of  heat  is  given  to  produce  combina- 
tion between  part  of  the  difengaged  plumbago  and  the  iron,  which  in  the  latter 
does  not  take  place.  If  the  plumbago  be  merely  fufficient  to  faturate  all  the 
iron  at  a moderate  degree  of  ignition,  the  hardnefs  will  be  confiderable  ; but  the 
fteel  will  be  eafily  degraded  to  the  ftate  of  iron  by  frequent  ignition.  Such  fteel 
in  its  hard  ftate  will  be  very  uniform  in  its  texture,  not  exceffively  hard  in  its 
temper,  but  difpofed  to  take  a very  fine  firm  edge,  which  will  not  eafily  be 
broken  or  injured  by  violence.  Thefe  are  accurately  the  properties  of  the  En- 
glifh  call  fteel,  which  is  of  fo  uniform  a nature,  as  to  be  diftinguifhed  by  its 
conchoidal  or  glafly  fracture.  When  the  dofe  of  plumbago  in  fteel  is  greater,  . 
it  will  bear  a greater  heat  without  degradation,  infomuch  that  it  may  be 
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welded  like  iron.  Its  bardnefs  will  alfo  be  capable  of  a higher  degree  ; and  if 
this  degree  produced  by  a Wronger  ignition  be  not  given,  the  edge  of  the  tool 
will  never  become  fine  and  fmooth  ; and  even  at  this  higher  degree,  with  all  the 
advantage  of  fubfequent  tempering,  it  will  be  lefs  fmooth  than  that  of  the  call 
fteel,  and  more  difpofed  to  break.  Steel  of  this  kind  is  better  adapted  for  the 
conftrudtion  of  hammers,  vices,  hatchets,  leather-cutters  knives,  and  other  in- 
firuments  wherein  the  edge  is  eithei  flout,  or  fudden  blows  unneceffary,  or  the 
conftrudlion  demands  frequent  heating  and  welding. 

By  purfuing  this  train  of  reflection,  it  will  follow  that,  fince  crude  iron  differs 
from  fteel  only  in  the  fuperabundance  of  plumbago,  it  ought  to  be  capable  of 
extreme  hardnefs,  if  ignited  to  that  degree  which  is  requifite  to  combine  the 
greater  part  of  this  plumbago  with  the  iron,  and  then  fuddenly  cooled.  This  is 
accordingly  found  to  be  the  cafe.  If  the  gray  crude  iron,  commonly  diftin- 
guifhed  by  our  founders  by  the  name  of  foft  metal,  be  heated  to  a white  heat, 
and  then  plunged  in  water,  it  becomes  very  hard,  much  whiter,  denfer,  and 
more  metallic  in  its  appearance ; and  will  bear  a pretty  good  edge  fit  for  gra- 
vers, for  the  ufe  of  turners  in  iron  or  fteel.  In  thefe  tools  the  angle  of  the 
planes  which  form  the  edge  is  about  45*.  The  hardnefs  of  this  kind  of  iron  is 
not  confiderably  diminifhed  but  by  ignition  continued  for  a length  of  time, 
which  is  a fact  alfo  conformable  to  what  happens  in  fteel.  For  the  caft  fteel  will 
be  foftened  nearly  as  much  by  annealing  to  the  ftraw  colour,  as  the  harder  fteels 
are  by  annealing  to  a purple  or  full  blue. 

Some  of  our  artifts  have  taken  advantage  of  this  property  of  foft  crude  iron  in 
the  fabrication  of  axles  and  collars  for  wheel* work;  for  this  material  is  eafily 
filed  and  turned  in  its  foft  ftate,  and  may  afterwards  be  hardened  fo  as  to  en- 
dure a much  longer  time  of  wear. 

The  founders  who  caft  wheels  and  other  articles  of  mechanifm  are  occafion- 
ally  embarraffed  by  this  property.  For,  as  the  metal  is  poured  into  their  moulds 
of  moiftened  fand,  the  evaporation  of  the  water  carries  off  a great  portion  of 
the  heat,  and  cools  the  iron  fo  fpeedily,  as  to  render  it  extremely  hard,  white, 
and  clofe  in  its  texture.  This  is  molt  remarkable  in  fuch  portions  of  the  me- 
tal, as  have  the  greateft  diftance  to  run  from  the  git  or  aperture  of  reception. 
For  thefe  come  in  conradt  fucceflively  with  a larger  portion  of  the  fand,  and  are 
therefore  more  fuddenly  cooled.  I have  feen  the  teeth  of  cog-wheels  altogether 
in  this  ftate,  while  the  rim  and  other  parts  of  the  wheel  remained  foft.  The 
obvious  remedy  for  this  defect  is  to  increafe  the  number  of  gits,  and  to  have 
the  fand  as  dry  as  poflible  or  convenient.  In  other  articles  this  property  has 
been  applied  to  advantage,  particularly  in  the  fteel  rollers  for  large  laminating 
mills,  which  Metfrs.  Vandermonde,  Monge.and  Berthollet  have  fuppofed  to  bean 
over  cemented  fteel.  They  are  made  by  calling  the  gray  crude  iron  in  moiftened 
fand,  the  contadl  qf  which  gives  the  hard  fteel  temper  to  the  outfide  furface, 
for  the  depth  of  more  than  half  an  inch.  I have  no  doubt  but  that  the  iron- 
mafters  pay  confiderable  attention  to  the  quality  ol  the  iron,  and  perhaps  to  the 
degree  of  heat  and  moifture  of  the  fand  in  this  operation,  in  order  that  the 
hardnefs  may  be  fuch  as  to  yield  to  the  turning  tool ; and  1 likewife  underhand, 
that  a confiderable  number  crack  longitudinally  in  the  cooling,  a lofs  which  in  all 
probability  arifes  from  the  difference  of  contraction  between  the  hard  and  foft  parts. 

In  the  experiments  of  Rinman,  a bar  of  caft  iron  being  placed  over  the  fire  of 
a fmelting  furnace  was  almoft  fufed.  It  was  obferved  in  breaking  it,  that  the 
fide  neareft  the  fire  had  become  foft  iron  to  the  depth  of  one  fixteenth  of  an 
3 ' inch ; 
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inch;  that  the  reft  was  fteel,  excepting  the  upper  part  expofed  to  the  air,  which 
remained  in  the  ftate  of  crude  iron. 

I muft  refer  to  the  Encyclopedic  for  a confiderable  enumeration  of  experi- 
ments relative  to  the  cementation  of  iron  with  various  materials,  and  alio  to 
fuch  as  relate  to  the  return  of  fteel  to  the  ftate  of  iron.  It  appears  in  general, 
as  might  be  expeded,  that  iron  by  a fufficient  continued  heat  in  clofed  veflels, 
in  contact  with  coaly  matter,  becomes  fteel  ; but  that  if  fuch  matter  be  not  pre- 
fent,  the  effect  does  not  take  place  ; and  even  the  ftate  of  fteel,  if  poffeffed  by 
the  iron,  that  is  to  fay,  its  power  of  hardening  by  moderate  ignition,  goes  off. 

A variety  of  fads  concerning  the  hardening  and  foftening  of  fteel  are 
collected  by  M.  Morveau,  the  moft  interefting  of  which  I (hall  here  fubjoin. 

The  general  fads  are  related  under  our  article  Iron.  According  to  Reau- 
mur, that  part  of  the  fteel  which  was  hotted  at  the  time  of  immerfion  in  the 
water  will  be  the  hardeft ; whence  it  has  been  thought  a fair  conclufion,  that  the 
hardnefs  of  fteel  is  the  greater,  the  ftronger  the  ignition,  and  the  more  fpeedy 
the  cooling.  Neverthelefs,  the  celebrated  Rinman  deduces  a very  different 
confequence;  namely,  that  the  fteel  which  is  naturally  the  hardeft  is  that  which 
requires  the  lead  heat,  and  that  the  beft  temper  for  each  kind  of  fteel  is  that 
produced  by  the  lowed  degree  of  heat  fuitable  to  that  peculiar  kind.  Hence 
various  methods  have  been  propofed  to  afcertain  the  degree  of  heat  moft  advan- 
tageous to  any  particular  fample  of  fteel.  They  are  all  reducible  to  that  of 
igniting  one  end  of  a bar  to  a white  heat,  and  plunging  it  into  water.  The 
hardnefs  of  the  feveral  parts  may  then  be  afcertained  by  examination. 

It  appears  to  me,  that  the  confiderations  on  which  the  firft-mentioned  general 
rule  is  founded,  are  rather  of  a complicated  nature.  If  it  be  true,  as  conjectured 
above,  that  the  hardnefs  of  fteel  depends  principally  on  the  intimate  combination 
of  its  plumbago  ; it  will  follow  that  the  utmoft  hardnefs  any  fteel  is  capable  of  will 
be  produced  by  a degree  of  heat  fufficient  to  effed  this  purpofe,  and  that  any 
fuperior  degree  will  only  degrade  the  quality  of  the  fteel ; and  confequently,  that 
the  general  rule  will  apply  only  to  heats  inferior  to  this  maximum.  It  may  alfo 
happen,  when  the  mafs  of  water  is  not  confiderable,  though  I doubt  the  fad 
when  the  quantity  is  large,  that  the  heating  of  the  water,  and  the  produdion  of 
inflammable  air,  may  fo  far  modify  the  rate  of  cooling,  as  even  to  render  it  lefs 
fudden  than  might  have  happened  with  an  inferior  degree  of  ignition.  Lavoifier 
has  remarked,  that  the  converfion  of  iron  into  the  hard  brittle  ethiops,  when  water 
is  decompofed  (fee  W ater),  may  perhaps  be  of  the  fame  nature  as  the  hardening 
of  fteel.  There  is  another  fad,  which  is  of  great  confequence,  and  may  perhaps 
afford  the  principal  ground  for  Rinman’s  apparent  exception  to  the  general  rule 
concerning  the  hardening  of  fteel.  Hardnefs  is  that  property  of  bodies  by  which 
they  refill  indentation,  and  rather  break  than  bend,  or  fuffer  contufion.  It  is  the 
oppofite  to  foftnefs.  Tenacity,  which  is  very  frequently  confounded  with  hard- 
nefs, is  not  the  property  by  which  they  refifl  indentation,  but  feparation  of  their 
parts.  It  is  the  oppofite  to  friability  or  brittlenefs.  Now,  that  fteel,  in  common 
language,  is  laid  to  be  the  hardeft,  which  unites  moft  eminently  the  properties 
of  hardnefs  and  tenacity.  But  the  effed  of  heat  and  fudden  cooling  is  diredly 
oppofite  in  thefe  two  refpeds.  Soft  fteel  is  the  moft  tenacious,  but  the  leaft 
hard.  The  operation  of  the  temper  diminifhes  its  tenacity,  and  increafes  its 
hardnefs  progreffively  unto  the  maximum  of  heac  the  fteel  is  formed  to  bear. 
There  will  be  no  difficulty  then  in  conceiving  that  the  beft  ftate  of  fteel  relative 
to  any  particular  ufe,  will  beat  fome  precife  degree  between  the  fofteft  and  hardeft 
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qualities.  Thus  for  fprings,  much  tenacity  and  moderate  hardnefs  are  required. 
For  chiflels  and  fimilar  tools  which  operate  by  a blow,  a greater  hardnefs  may  be 
admitted.  Razors,  knives,  and  fuch  tools  as  effedt  the  intended  purpofe  by  a gradual 
ftroke,  will  be  ftill  more  valuable  the  harder  they  are  ; but  even  in  thefe  the 
tenacity  mull  not  be  too  much  diminifhed,  otherwife  the  edge  will  be  liable  to 
break.  Files  are  perhaps  of  all  tools  fuch  as  admit  the  greateft  hardnefs  ; but  in 
thefe,  it  is  far  from  being  the  utmoft  the  fteel  is  capable  of  receiving.  It  is 
found  that  the  tenacity  of  fteel  is  confiderably  increafed  by  continued  hammering 
to  a certain  point.  But  the  whole  effedt  of  this  hammering  is  taken  off  by  ftrong 
ignition.  Good  fteel  at  a white  heat  may  be  rendered  fo  brittle,  that  it  breaks 
full  as  eafily  as  a ftick  of  the  fame  dimenfions,  and  its  texture  is  then  found  to 
be  coarfe  and  large  grained.  As  the  fubfequent  annealing  does  not  reftore  the 
effedt  of  the  hammering,  nor  bring  the  grain  of  the  fteel  to  the  ftate  it  would 
have  poffeffed  if  a lower  heat  had  been  ufed  at  firft $ it  is  evident  that  the  moft 
ufeful  hardnefs  is  produced  by  that  degree  of  heat  which  is  juft  fufficientto  effedt 
the  purpofe.  And  accordingly,  tools  made  of  caft  fteel,  and  intended  to  fuftain 
a good  edge  for  cutting  iron  and  other  metals,  are  not  afterwards  annealed,  but 
the  ignition  is  carefully  regulated  at  firft.  Annealing  ought  only  to  be  ufed  where 
confiderable  foftnefs  is  required. 

Rinman  affirms  that  fteel  does  not  harden  when  cooled  in  a clofe  cylinder,  or 
even  in  a veffel  purged  of  air.  Not  having  his  work  in  my  pofleffion,  I find 
fome  difficulty  in  conceiving  how  the  experiment  could  be  made,  fo  as  to  obviate 
all  objections  relative  to  lofs  of  time,  unlefs  the  burning  glafs  and  receiver  of  an 
air-pump  were  ufed.  Reaumur  alfo  found  that  a fmall  piece  of  fteel  introduced 
red  hot  into  a tube  of  glafs  full  of  mercury,  which  was  immediately  fet  upright  fo  as 
to  form  an  ordinary  barometer  with  the  vacuum  at  the  top,  continued  as  foft  as  if  it 
had  been  cooled  in  the  open  air.  Do  thefe  facts  warrant  the  ftrange  conclufion, 
that  the  mere  preffure  of  t-he  atmofphere  is  concerned  in  the  hardening  of  fteel  ? 
It  feems,  neverthelefs,  that  no  other  effect  of  the  air  could  be  tranfmitted  to  the 
fteel,  fo  inftantaneoufiy  through  a body  of  water.  When  we  reflect  on  the 
effectual  modifications  which  the  fmalleft  agitation,  or  even  the  prefence  of  light, 
have  upon  the  arrangement  of  the  parts  of  folid  bodies  in  cryftallization,  we  fhall 
havelefs  cauie  for  wonder  at  the  confirmation  of  thefe  facts. 

Iron  may  be  hardened  to  a certain  degree  by  ignition  and  plunging  in  water, 
but  this  effect  is  confined  to  the  furface ; except,  as  it  very  often  happens,  the 
iron  contains  veins  of  fteel.  Thefe  are  no  fmall  impediments  to  the  filing  and 
working  this  material.  It  fometimes  likewife  may  happen,  that  the  iron  may 
have  undergone  a procefs  of  the  nature  of  cafe-hardening  from  the  fuel.  I have 
been  informed  by  a workman,  that  ignited  iron  fuddenly  plunged  into  the  foft 
leather  of  a fihoe,  becomes  very  hard  on  its  furface,  which  mutt  arife  from  an 
inftantaneous  effedt  of  this  kind. 

The  increafe  of  dimenfions  acquired  by  fteel  in  hardening  (mentioned  in  page 
414)  is  fuch,  that  in  general  fuch  pieces  of  work  as  are  finished  foft,  will  not  fit 
their  places  when  hardened.  Rinman  found  that  bars  of  fteel  fix  inches  long,  fix 
lines  wide,  and  half  an  inch  thick,  were  lengthened  at  leaft  one  fine  after  harden- 
ing by  a whitifh  red  heat,  which  is  about  one-feventieth  of  the  linear  dimen- 
fions; and  fuppofing  the  dilatation  to  be  proportional,  M.  Morveau  computes 
the  bulks  to  be  as  48  to  49.  But  the  cubes  of  72  lines  and  73  fines  are  in  pro- 
portion more  nearly  as  47  to  50.  Various  kinds  of  fteel  at  different  hardnefs 
muft  no  doubt  greatly  differ  in  this  refpedt.  The  fpecific  gravities  as  given  by 
7 Briffon, 
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BrifTon,  p.  366,  art.  Gravity  Specific,  afford  a much  lefs  ratio.  Rinman  found 
by  his  experiments  on  two  different  kinds  of  fine  cemented  fteel,  whofe  fpecific 
gravity  was  7,991,  that  one  after  hardening  gave  only  7,553,  and  the  other 
7,70$.  Thefe  numbers  agree  fufficiently  near  with  the  experiment  of  theYx- 
inch  bar.  Yet  he  once  found  Styrian  fteel  augmented  in  denfity  by  harden- 
ing in  the  ratio  of  7,822  to  7,782.  Morveau  found,  with  pieces  of  fteel  28  lines 
long,  that  the  increafe  of  length  by  hardening  was  about  the  350th  part. 

The  finenefs  of  grain  in  hard  fteel,  as  exhibited  in  its  fraCture,  is  various  accord- 
ing to  the  quality  of  the  metal,  and  the  temper  it  has  received.  The  harder  the 
fteel  the  coarfer  the  grain.  But  in  like  circumftances,  fine  fteel  has  the  clofeft 
grain,  and  is  ever  the  moft  uniform  in  its  appearance.  Workmen  avail  themfelves 
much  of  this  indication.  In  general  a neat  curve  lined  fracture,  and  even  gray 
texture,  denote  good  fteel;  and  the  appearance  of  threads,  cracks,  or  brilliant 
fparks,  denotes  the  contrary.  But  the  management  of  the  forging  and  other  cir- 
cumftances of  manufacturing  will  modify  thefe  indications ; and  the  fteel  which 
is  good  for  fome  purpofes  may  be  lefs  fuited  to  others. 

The  fluid  in  which  ignited  fteel  is  plunged,  is  of  great  copfequence.  All 
the  fadts  feem  reducible  to  thefe  general  conclufions.  The  hardnefs  will  be 
greater,  1 . the  hotter  the  fteel  is  made,  provided  it  be  not  decompofed : 2.  the  more 
confiderably  its  temperature  is  lowered  in  the  cooling  : 3.  the  ftiorter  the  time 
of  cooling  : and  4.  the  more  favourable  the  fire  or  the  cooling  material  may  be 
to  the  fteel-making  procefs.  But  the  moft  ufeful  combination  of  hardnefs  and 
tenacity  will  be  at  a medium  temperature  in  each  kind  of  fteel. 

With  regard  to  the  firft  particular,  little  need  be  faid,  but  that  the  decompo-> 
fition  of  fteel  in  heating  will  be  prevented,  and  its  furface  fomewhat  improved,  if 
it  be  bedded  in  charcoal,  or  the  cementing  compound,  during  the  application  of 
the  heat.  The  fecond  and  third,  namely  the  quantity  and  fuddennefs  of  cooling, 
require  an  attention  to  the  doCtrine  of  Heat,  as  explained  under  that  article. 
The  cooling  will  be  more  fudden  and  effectual  the  greater  the  quantity  of  heat 
abforbed  in  the  fame  time.  There  are  three  circumftances  which  favour  this 
effeCt,  namely,  a very  low  temperature  of  the  body  to  which  the  hot  fteel  is 
applied  ; that  it  fhal'l  be  a good  conductor  of  heat ; or  that  it  fhall  affume  either  the 
fluid  or  elaftic  ftate,  which  always  demand  a fupply  of  heat  for  their  maintenance. 
Thus  it  is  found,  that  fteel  is  more  effectually  hardened  in  cold  than  in  warm 
water,  and  at  like  temperatures  more  effectually  in  mercury  than  in  water.  It 
may  alfo  be  remarked,  that  thefe  two  fluids  cool  the  fteel  by  different  energies. 
The  water  is  partly  converted  into  vapour,  which  carries  off  the  heat,  and  leaves 
the  fluid  much  lefs  altered  than  mercury,  which  aCts  by  its  conducting  pro- 
perty. This  laft  fluid,  not  having  evaporated  in  the  procefs,  is  found  to  have 
acquired  a much  more  elevated  temperature  by  the  immerfion.  Oil  is  found  to  • 
harden  the  furface  of  fteel  much  more  than  its  internal  part,  fo  that  it  refills  the 
file,  but  is  much  lefs  eafily  broken  by  the  hammer.  This  effeCt  arifes  from  its 
imperfedt  conducting  quality,  and  the  elevated  temperature  it  demands  to  be  Con- 
verted into  the  vaporous  ftate  ; to  which  we  may  alfo  add,  that  a ftratum  of  coal 
is  formed  round  the  fteel  from  the  burned  oil,  which  (till  more  effectually  prevents 
_ the  tranfmiflion  of  the  he^t.  A remarkable  inftance  of  this  nature  prefented 
itfelf  to  my  obfervation  in  hardening  a fmall  piece  of  fteel,  two  inches  long, 
and  a quarter  of  an  inch  diameter.  At  the  time  of  ignition,  the  water  neareft 
at  hand  had  been  ufed  with  foap.  The  fteel  made  very  little  noife  when  plunged 
in  the  water,  and  remained  hot  for  a confiderable  time ; but  when  taken  out  was 
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found  to  be  fcarcely  at  all  hardened.  It  was  covered  with  coaly  matter;  which  being 
cleared  off,  and  the  procefs  repeated  with  clean  water,  it  became  perfectly  hard. 
The  heat  in  both  cafes  was  a low  red  heat,  proper  for  call  fteel,  which  is  not  in- 
tended to  be  afterwards  annealed.  I have  very  little  doubt,  but  that  ardent  fpirit, 
and  the  effential  oil  of  turpentine,  which  are  good  conductors  of  heat  and  very  vo- 
latile, would  render  fteel  very  hard,  if  their  inflammability,  and  the  little  neceflity 
there  is  for  ufing  them,  were  not  an  impediment  to  their  application.  Various  artifts 
avail  themfelves  of  different  fubftances  for  the  immerfion  of  ignited  fteel.  Some 
ufe  urine,  others  water  charged  with  common  fait,  nitre,  or  fal  ammoniac.  Tal- 
low and  oil  are  ufed  for  fuch  works  as  are  not  required  to  be  brittle,  though  very 
hard,  the  reafon  of  which  has  juft  been  mentioned  ; but  tallow  differs  from  oil 
in  the  heat  which  becomes  latent  for  its  fufion  ; and  accordingly,  folid  tallow  is 
an  excellent  material  for  hardening  drills  and  other  fmall  articles.  It  has  been 
found  by  Reaumur,  that  faline  liquids  produce  rather  more  hardnefs  than  com- 
mon water ; and  in  particular,  that  aqua  fortis  poffefies  this  property  in  an  emi- 
nent degree,  probably  from  its  conducting  power  : the  makers  of  files  cover 
them  with  beer  and  common  fait,  which  affift  their  hardening,  and  keep  the 
furface  from  fcorifying.  The  mucilage  of  the  beer  fupplies  a coaly  matter;  and 
the  fufed  fait  feems  not  only  to  form  a varnifh  in  the  fire  and  defend  the  fteel, 
hut  may  alfo  produce  cold,  by  its  fudden  folution  in  the  water  at  the  time  of 
immerfion.  Very  fmall  articles  heated  in  a candle  are  found  to  be  hardened 
perfectly  by  fuddenly  whirling  them  in  the  cold  air;  and  thin  bars  or  plates  of 
fteel,  fuch  as  the  magnetic  needle  of  a compafs,  acquire  a good  degree  of 
hardnefs  by  being  ignited,  then  laid  on  a plate  of  cold  lead,  and  fuddenly 
covered  with  another  plate.  Thefe  would  be  unequally  hardened,  and  bend,  if 
plunged  in  water. 

Mr.  Duhamel,  in  the  Encyclopedic,  gives  an  ample  account  of  the  methods 
of  making  fteel  by  the  ancient  way  of  fufion  from  the  ore,  and  the  more  modern 
way  of  cementation.  We  have  treated  concifely  of  both  under  the  article  Iron, 
and  in  this  place  fhall  only  add  a few  of  the  faCts  noted  by  this  author  concern- 
ing cementation.  The  Englifh,  who  defervedly  poffefs  the  greateft  reputation 
in  this  work,  have  found  that  every  fpecies  of  iron  is  convertible-  into  fteel  by 
cementation  ; but  that  good  fteel  is  not  to  be  made  except  from  iron  of  the  beft 
quality,  which  pofleffes  a certain  ftiffnefs  and  hardnefs  as  well  as  malleability. 
Swedifh  iron,  as  we  have  before  remarked,  is  the  beft  for  this  purpofe.  Mr. 
Duhamel  tried  a great  number  of  the  irons  of  France,  Sweden  and  Spain.  He 
Found  the  fecond  to  be  the  beft  ; but  he  likewife  obtained  excellent  fteel,  fuperior 
to  thofe  of  Styriaand  Carinthia,  which  are  the  beft  German  fteels,  by  ufing  cer- 
tain iron  made  in  France.  But  this  iron  was  feleCted  without  fault,  and  in  fome 
inftances,  the  loup  or  piece  at  the  fmelting  furnace  was  fufed  and  forged  a fe- 
cond time  ; a procefs  which,  though  attended  with  lofs  of  weight  and  additional 
expence,  he  recommends  as  abfolutely  neceflary  for  making  fteel  iron  from  ores 
of  indifferent  quality.  The  white,  fpathofe  iron  ores  afforded  him  the  beft  iron 
for  the  purpofe  of  cementation  ; and  thefe  alfo  are  the  ores  which  afford  the  beft 
fteel  by  fufion,  in  Styria,  Carinthia,  and  Tyro'l.  Fie  informs  us,  that  the  En- 
glith  ufe  no  other  cement  than  mere  charcoal,  which  he  alfo  finds  perfectly  ade- 
quate to  the  purpofe  ; and  moreover,  that  the  quality  of  the  fteel  is  not  af- 
fefted  by  the  different  kinds  of  charcoal  made  ufe  of.  He  remarks  neverthe- 
lefs,  that  it  may  be  advifableto  add  from  one-fourth  to  one- third  of  wood  alhes, 
^cially  where  the  iron  is  not  of  fo  good  a quality  as  to  afford  fteel  pofleffing 

tenacir'' 


S T E 


( *9S  ) 


S T E 


tenacity  or  body,  as  well  as  hardnefs.  Thefe  allies,  which  he  ufed  with  foe- 
cefs,  prevent  the  fteel -making  procefs  from  being  effe&ed  as  rapidly  as  it  would 
otherwife  be,  and  give  the  fteel  pliability  without  diminifhing  its  hardnefs.  It 
is  remarked,  that  in  the  cafe  of  this  management,  the  blifters  on  the  furface  of  the 
fteel  are  fmaller  and  more  numerous.  He  likewife  tried  fea-falt.  Fifty  pounds 
of  fait  are  fufficient  for  a furnace  of  fteel  of  twelve  thoufand  weight.  The  fait 
is  pulverifed,  and  fprinkled  on  the  bars  of  iron  when  put  into  the  furnace.  He 
found  that  this  ingredient  likewife  contributes  to  give  body  to  the  fteel.  In  the 
arrangement  of  the  bars  in  the  furnace,  the  cement  is  laid-one  inch  thick  at  the 
bottom,  and  half  an  inch  thick  between  each  layer  of  iron.  Our  author  affirms, 
that  the  procefs  would  fucceed  equally  well,  if  the  thicknefs  were  a little  more 
than  a quarter  of  an  inch.  The  thicknefs  of  the  bars  of  iron  is  indifferent,  but 
there  ought  not  to  be  a great  difference  in  this  refpetft  between  bars  cemented  at 
the  fame  time.  The  common  thicknefs  is  a little  more  than  half  an  inch.  It  is 
not  advifable  that  they  {hould  be  very  broad  in  proportion  to  the  thicknefs,  as 
this  figure  is  found  to  produce  flaws  and  cracks  in  the  diredtion  of  the  length  of 
the  bar.  The  bars  may  be  fquare,  or  their  breadth  may  conveniently  be.fome- 
what  more  than  twice  their  thicknefs.  The  fire  for  cementation  mnft  be  of  con- 
fiderable  intenfity,  and  kept  up  until  the  converfion  has  perfectly  taken*  place, 
which  is  afeertained  by  proof  bars,  fo  difpofed  as  to  be  taken  out  from  time  to 
time.  The  cementation  is  finifhed  on  the  fixth  day  ; that  is  to  fay,  it  com- 
monly lafts  five  times  four-and-twenty  hours.  And  accordingly,  the  workmen 
take  one  of  the  proofs  out  on  the  fifth  day,  which  is  forged,  hardened,  and 
examined  by  the  fra&ure.  If  it  break  fhort,  and  Ihevv  no  indications  of  iron, 
the  fire  of  the  furnace  is  fuffered  to  go  out.  But  if  it  contains  iron,  the  fire  is 
kept  up  for  twelve  or  twenty-four  hours,  accordingly  as  the  quantity  of  fibrous 
iron  may  have  proved  greater  or  lefs  in  the  firft  proof.  A fecond  proof  bar 
taken  out  at  the  proper  time  ferves  to  dired  them  in  the  fame  manner  with  re- 
gard to  their  operations.  By  this  management,  the  cementation  is  continued 
lomewhat  beyond  the  time  requifite  for  the  entire  converfion.  For  there  is 
lefs  inconvenience  attending  a flight  degree  of  excefs  in  the  cementation,  than 
would  refult  from  a portion  of  iron  remaining  in  the  fteel.  The  charcoal  after 
cementation  is  as  black,  and  apparently  in  the  fame  ftate,  as  it  was  before.  Mr. 
Duhamel  moiftened  it,  and  applied  it  to  the  fame  ufe  a fecond  time.  It  an- 
fwered  the  purpofe,  but  fo  much  more  flowly,  that  he  objeds  to  the  ufe  of  it  in 
manufadories.  From  this,  as  well  as  other  circumftances  attending  the  fteel- 
making  procefs,  it  feems  advantageous  at  leaft  with  regard  to  expedition,  that 
the  coals  {hould  contain  volatile  matter.  And  hence  the  fuperior  advantages  of 
animal  coal,  fuel!  as  the  coal  of  leather,  or  the  hoofs  and  horns  of  animals,  im- 
perfedly  burned,  which  are  ufed  in  cafe-hardening,  though  they  may  be  lefs  ap- 
plicable to  the  longer  procefs  of  fteel-making  for  various  reafons. 

Mr,  Duhamel  advifes  to  have  two  tilting  hammers;  one  of  the  weight  of  one 
hundred  and  fifty  pounds,  and  the  other  half  that  weight;  the  firft,  for  the 
purpofe  of  forging  large  work,  and  the  latter  fmall  bars  for  cutlers.  He  recom- 
mends another  fmall  hammer  of  about  twelve  pounds  for  forging  bars  {till 
fmaller,  to  make  gravers,  fmall  files,  and  the  like.  The  fteel  muft  not  be 
heated  beyond  the  degree  of  cherry  red  for  forging.  The  tilting  hammers 
{hould  give  at  leaft  three  hundred  ftrokes  in  a minute. 

On  this  head,  1 muft  make  a refle&ion,  which  perhaps  may  be  of  value  to 
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’ the  manufadturer,  though  experience  certainly  affords  the  only  meansof  determining 
the  utility  of  propofed  alterations  in  the  implements  or  utenfils.  When  a ham- 
mer ftrikes  with  a certain  momentum,  the  change  of  figure  produced  by  the 
blow  willl  be  greater,  the  more  of  velocity  and  the  lefs  of  naafs  poffeffed  by  the 
hammer.  It  feems  therefore,  in  the  application  of  mechanic  force,  that  in  molt 
cafes  the  expenditure  would  prove  more  profitable,  if  an  extreme  velocity 
were  given  to  a fmall  weight,  the  face  of  the  hammer  remaining  the  fame,  than 
if  a larger  weight  were  moved  proportionally  flower.  And  fo  likewife,  it  (hould 
appear,  that  more  work  would  be  done  by  a certain  number  of  fwift  blows, 
Tian  by  twice  the  number  with  only  half  the  fwiftnefs.  When  the  ufual  num- 
ber of  ftrokes  is  three  hundred  in  a minute,  or  five  in  a fecond,  the  velocity 
cannot  be  considerable,  even  when  affifted  by  a back  fpring,  or  other  contri- 
vance. It  would  therefore  at  leaft  be  worth  trying  in  fittlations  where  the  power 
is  limited,  as  in  the  cafe  of  a fmall  Stream  of  water,  or  Steam  engine,  whether  the 
weights  and  velocities  of  the  hammers  may  not  be  altered  with  profit.  An  in- 
genious mechanic  would  find  no  difficulty  in  contriving  a Ample  apparatus,  by 
which  thefe  correfpondent  alterations  might  be  made  at  pleafure,  accordingly  as 
the  nature  of  the  work  or  other  circumSlances  might  demand. 

The  caff  fteel  of  England  is  made  by  a procefs  which  the  manufacturers 
keep  a Secret.  Mr.  Duhamel  gives  the  following  account  of  it : A crucible 
about  ten  inches  high,  and  Seven  in  diameter,  is  filled  with  ends  and  frag- 
ments of  the  crude  fteel  of  the  manufactories,  and  the  filings  or  fragments  of  fteel 
works.  Magellan  affirms,  that  they  buy  up  broken  tools  at  Sheffield  or  elfe- 
where  for  this  purpofe.  They  add  a flux,  the  component  parts  of  which  are 
carefully  concealed.  It  is  probable,  however,  that  the  fuccefs  does  not  much 
depend  upon  this  flux,  which,  from  the  quality  of  the  caft  fteel  itfelf,  may  be 
prefumed  to  be  of  the  nature  of  a fteel  cement.  This  crucible  is  placed  in  a 
wind  furnace,  like  that  of  the  founders,  but  Smaller,  becaufe  intended  to  contain 
one  pot  only.  It  is  likewife  Surmounted  by  a cover  and  chimney  to  increafe  the 
draft  of  air.  The  furnace  is  entirely  filled  with  coke  or  charred  pit- coal.  Five 
hours  are  required  for  the  perfeCt  fufion  of  the  fteel.  It  is  then  poured  into  long 
Square,  or  oCtagonal  moulds,  each  compofed  of  two  pieces  of  caft  iron  fitted  to- 
gether. The  ingots  when  taken  out  of  the  moulds  have  the  appearance  of  caft 
iron.  It  is  then  forged  in  the  fame  manner  as  other  fteel,  but  with  lefs  heat 
and  more  precaution  ; becaufe  more  liable  to  break. 

This  caft  fteel  is  almoft  twice  as  dear  as  other  good  fteel.  Mr.  Duhamel  fays, 
that  it  is  not  proper  for  all  kinds  of  work,  particularly  thofe  which  require  much 
tenacity,  .as  well  as  bardnefs  to  refift  violent  blows  and  ftrains ; but  it  is  good 
for  razors,  knives,  and  all  toys  and  fmall  work  which  require  an  exquifite  po- 
iifh.  It  does  not  feem,  however,  that  the  tenacity  of  this  fteel  is  inferior  to  that 
of  the  belt  of  the  other  kinds,  and  its  uniformity  of  texture  is  for  many  works 
an  invaluable  advantage.  It  is  daily  more  and  more  ufed  in  England,  but  muft 
neceffarily  be  excluded  from  many  works  of  confiderable  fizc,  on  account  of 
the  facility  with  which  it  is  degraded  in  the  fire,  and  the  difficulty  of  welding 
it,  which  cannot  be  done  in  the  common  way.  1 have  been  informed  that  the 
faces  of  anvils  and  broad  hammers,  for  the  ufe  of  filver-fmiths  and  other  artifts, 
:have  been  made  of  caft  fteel  and  welded  to  iron  by  a particular  management, 
which  conlifted  in  fubfticuting  between  the  iron  and  the  fteel' another  kind  of 
fteel  in  the  form  of  filings,  or  a thin  plate.  The  fteel  plate  intended  for  the 
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face  was  made  as  hot  as  could  be  done  with  fafety,  and  the  iron  being  at  the 
fame  time  brought  to  the  welding  heat,  was  applied  to  the  fteel,  and  quickly 
united  by  hammering. 

STONE.  An  indurated  hard  mafs  of  earth.  Stones  were  formerly  difhia- 
guilhed  from  earths  in  clafiification.  It  does  not  feem,  however,  that  any  ufeful 
purpofe  is  likely  to  beanfwered  by  this  diftindtion.  For  a ftone  is  a mafs  of  earth 
of  confiderable  magnitude,  fand  is  a collection  of  fmall  ftones,  and  earth  in  the 
pulverulent  ftate  may  be  confidered  as  a fine  fand.  To  the  chemift,  whofe  attention- 
is  chiefly  taken  up  with  the  component  parts  of  bodies,  thefe  variations  of  dimem* 
fion  are  comparatively  of  little  confequence. 

STONES  PRECIOUS.  See  Precious  Stones. 

STONES  or  CALCULT,  found  in  the  bodies  of  animals.  Before  the 
experiments  of  Scheele  and  Bergman  were  made,  little  was  known  of  the  con- 
ftitution  of  the  ftone  of  the  bladder  ; excepting  that  alkalis  being  confidered  as 
remedies  for  this  diforder,  afforded  a flight  indication  of  its  acid  nature.  Thefe’ 
two  great  chemifts  feparately  undertook  to  make,  a more  accurate  examination-' 
into  its  component  parts. 

The  ftone  of  the  bladder  is  formed  for  the  greateft  part  of  a peculiar  concrete 
acid,  very  fparingly  foluble  in  water.  If  the  ftone  be  boiled  in  this  fluid,  near- 
three  grains  out  of  a tho.ufand  are  taken  up.  The  folution  reddens  the  tincture 
of  turnfdle,  but  mod  of  the  acid  is  depofited  In  fmall  cryftals. 

According  to  Scheele,  water  at  length  completely  diffolves  it.  By  deftrudtive 
diftillation  it  affords  volatile  alkali,  and  a brown  fublimate,  which  becomes  white 
by  a fecond  fublimation,  and  is  the  concrete  volatile  acid.  Seventy  grains  of  the 
calculus  afforded  him  in  this  operation  twenty-eight  grains  of  fublimate,  and  there- 
remained  in  the  retort  twelve  grains  of  black  coal,  which  preferved  its- colour  in 
the  open  air  upon  a red  hot  iron. 

The.  fame  chemift  likewife  obferved  : 1.  That  the  vitriolic  acid  does  not  dif- 
folve  the  calculus  unlefs-  concentrated  and  boiled,  in  which  cafe  the  volatile 
vitriolic  acid  flies  off;  2.  That  the  marine  acid  does  not-aCl  upon  it.  3.  That 
nitrous  acid  acts  upon  it  even  without  heat  ; that  it  diffolves  it  entirely  by  the 
afliftance  of  hear,  with  the  emiffion  of  red  vapours ; and  that  the  elaftic  fluid  which 
comes  over,  precipitates  lime  from  water.  4.  That  this  nitrous  folution  always 
manifefts  a difengaged  acid ; that  it  leaves  a bright  red  fpot  upon  the  fkin,  and 
becomes  of  a blood  red  colour  when  much  concentrated,  which  colour  difappears 
on  the  addition  of  a few  drops  of  nitrous  acid.  5.  That  this  nitrous  folution  is 
not  precipitated  by  muriated  ponderous  earth,  and  occafions  no  change  in  me- 
tallic foluiions.  6.  That  this  folution  is  not  rendered  turbid  by  the  acid  of  fugar. 

7.  That  the  addition  of  fixed  alkali  limply  produces  a.yellow  colour  ; that  when 
the  alkali  is  abundant,  the  mixture  affumes  a rofe  colour  by  digeftion,  and  colours 
the  fkin  ; and  that  in  this  cafe  it  precipitates  martial  vitriol  of  a black  colour; 
vitriol  of  copper,  green  ; filver,  gray  ; and  corrofive  fublimate,  zinc,  and  lead, 
white.  8.  That  lime  water  affords  a white  precipitate  with  this  folution  ; that 
this  precipitate  well  edulcorated  is  foluble  without  effervefcence  in  the  nitrous 
and  marine  acids;  that  the  liquor  always  manifefts  a difengaged  acid,  and  takes 
fire  when  evaporated  to  drynefs ; that  the  precipitate  treated  in  clofe  veffels  leaves 
a black  light  refldue,  foluble  in  acids  with  effervefcence.  9.  That  the  calculus  is 
not  attacked  by  mild  vegetable  alkali,  even  boiled,  but  is  very  foluble  in  the 
cauftic  alkali ; that  this  folution. is  yellow,  does  not  become  turbid  by  lime  water, 
is  preeipitable  by  all  the  acids,  fixed  air  not  excepted,  decompofes  metallic  fo- 
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-kitions,  and  emits  a fmell  of  volatile  alkali  when  the  fixed  alkaline  folvent  is 
fuperabundant.  10.  That  cauftic  volatile  alkali  iikewife  diffolves  the  calculus, 
but  the  quantity  required  is  large.  11.  That  a thoufand  grains  of  lime  water 
diffolved  53.7  by  mere  digeftion,  of  which  part  at  leaft  was  precipitated  by  the 
addition  of  an  acid.  12.  and  daftly.  That  all  urine,  even  that  of  infants,  holds  a 
fmall  portion  of  this  matter  in  folution  ; that  the  brick-coloured  depofition  from 
•mrine  in  fevers  is  of  this  nature  ; that  it  feparates  by  mere  cooling,  and  is  taken  up 
again  by  heat. 

From  thefe  experiments  feveral  important  inferences  may  be  deduced  with  re- 
gard to  the  compofition  of  the  calculus  and  the  properties  of  its  acid.  It  certainly 
contains  volatile  alkali,  though  in  fmall  quantity.  Its  moft  confiderable  ingredient 
is  the  acid.,  which  exifts  ready  formed.  Scheele  admits  of  the  exiftence  of  an 
animal  gelatinous  matter,  though  it  feems,  from  the  ambiguity  attending  the  com- 
. bullion  or  decompofition  by  nitrous  acid  or  deflrudlive  diftillation,  it  mull  be 
difficult  to  afcertain  the  quantity.  It  contains  no  calcareous  earth,  according  to 
the  tell  of  acid  of  fugar,  though  Bergman  by  the  application  of  vitriolic  acid  to 
the  nitrous  folution  feparated  a fmall  portion.  Mr.  Morveau  remarks  that  it 
would  *be  wrong  to  draw  general  conclufions  from  the  experiments  of  the  Swedifh 
chemifts,  becaule  other  calculi  may  differ  in  their  properties  and  component  parts; 
more  efpecially  as  he  was  informed  by  Mr.  Tennant  of  the  Royal  Society  of 
London,  that  among  the  calculi  on  which  he  had  made  experiments,  he  found 
fome  that  loft  only  two  thirds  of  their  weight  by  heat,  and  the  refidue  formed  a 
tranfparent  glafs  which  became  white  by  cooling.  From  thefe  appearances,  it 
feems  that  a confiderable  quantity  of  phofphorated  lime,  with  fuperabundance  of 
acid,  was  fublimed. 

The  properties  of  the  acid  of  the  ftone  of  the  bladder  are,  that  it  is  concrete, 
very  fparingly  foluble  in  water,  partly  decompofable  by  diftillation,  and  partly 
fublimable. 

This  acid,  when  treated  with  the  nitrous  acid,  is  not  limply  diffolved.  The 
mafs  which  remains,  as  Bergman  informs  us,  after  evaporation  to  drynefs  is  very 
different  from  the  concrete  acid.  It  is  of  a dull  red  colour ; attra&s  the  humidity 
of  the  air  ; a very  fmall  portion  of  it  gives  a role  colour  to  water  ; in  a word,  it 
llains  the  Ikin,  bones,  and  even  glafs,  like  the  nitrous  folution.  This  great  che- 
mift  remarks,  that  thefe  phenomena  are  much  more  likely  to  arife  from  a change 
in  the  animal  acid  than  from  a refidue  of  the  nitrous.  But  Morveau  juftly  adds, 
that  the  nitrous  acid  is  itfelf  decompofed,  and  produces  a higher  degree  of  acidi- 
fication in  the  animal  matter,  by  the  communication  of  vital  air  in  the  fame  man- 
ner as  that  principle  produces  a change  in  the  marine  acid. 

This  acid  unites  to  earths,  alkalis,  and  metallic  calces.  It  appears  to  prefer 
the  alkalis  to  the  earths,  but  yields  thefe  bafes  to  the  weakeft  acids,  even  fixed 
air;  in  which  particular  it  differs  from  all  the  -other  acids  but  the  Pruffian,  with 
which  it  cannot  be  confounded. 

M.  Fourcroy  has  inferted  in  the  fixteenth  volume  of  the  Annales  de  Chimie  a 
comparative  anrflyfis  of  the  different  animal  and  vegetable  concretions  intended 
to  form  the  article  calculs  in  the  Encyclopedic.  The  firft  part  of  this  meuloir 
is  contained  in  the  number  for  January  1793.  It  chiefly  relates  to  animal  con- 
cretions. The  remainder  has  not  come  to  hand,  on  account,  as  1 l'uppofe,  of  the 
interruption  of  communication  produced  by  the  troubles  in  France.  One  of  the 
greateft  difficulties  this  chemift  found,  confided  in  making  a collection  of  the 
different  concretions  in  the  human  body,  and  ftill  more  with  regard  to  the  calculi 
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In  the  different  fpecies  of  animals.  In  order  therefore  to  communicate  a notion 
of  the  imperfeCt  date  of  fcience  in  this  refpeCt,  and  the  importance  of  the  neceffary 
researches,  he  fpeaks  rapidly  in  the  alphabetic  order  of  the  principal  calculi 
hitherto  known.  Some  faffs  and  even  fome  analyfes  peculiar  to  himfelf  are 
inferted  ; but  the  greater  number  of  articles  exhibit  little  more  than  an  indication 
of  what  remains  to  be  done. 

The  biliary  calculi  are  of  two  kinds,  relative  to  the  proportion  of  their  ingredients. 
One  kind  is  entirely  compofed  of  a foliated  brilliant  cryftalline  fubftance,  ana- 
logous to  fperrnaceti ; the  others,  with  a greater  or  lefs  quantity  of  this  fubftance 
which  conftitutes  the  bafis  or  nucleus,  contain  the  thickened  bile  or  extraCt  of 
bile,  in  the  midft  of  which  the  firft -mentioned  fubftance  appears  to  have  irregu- 
larly cryftallized.  We  are' indebted  to  M.  Fourcroy  for  what  we  know  concern- 
ing the  biliary  calculi,,  but  much  remains  yet  to  be  done  in  this  refpeCt.  He 
ftates  a part  of  the  objects  of  refearch  by  afking,  How  is  the  .abdominal  fat  con- 
verted into  a fubftance  refembling  fpermaceti  ? What  is  the  caufe  and  mode  of 
this  converfion  ? By  what  figns  can  we  afcertain  its  exiftence  in  men  ? What  are 
the  indications  of  this  difpofition  in  the  biliary  paffages ; and  particularly,  What 
are  the  means  of  oppofmg  it  ? What  difference  may  exift  between  the  human  , 
biliary  calculi  and  thofe  of  other  animals  Y It  is  known  that  oxen  and  fheep  are 
fubjeCt  to  this  diforder.  The  butchers  find  biliary  ftones  in  the  inteftihes  and . 
.gall  bladder  of  oxen,  particularly  at  the  end  of  autumn  and  during  the  winter. 
It  is  faid  that  they  are  ufed  as  a pigment;  but  no  comparative  analyfis  has  yet. 
been  made  to  diftinguifh  them  from  the  human  gall -ftones. 

The  liver  is  often  filled  with  hard  and  folid  concretions,  which  are  the  confe- 
quence  of  obftruCtion.  Thefe  have  not  yet  been  examined.  Fourcroy  feems 
difpofed  to  conjecture  that  they  may  be  of  the  fame  nature  as  that  of  the  con- 
cretions found  in  the  bladder. 

Inteftinal  calculi  are  thofe  which  are  found  in  the  inteftines  of  man  or  other 
animals,  whether  difcharged  from  other  organs  or  vifcera,  or  formed  in  the  intef- 
tinal canal.  In  man  they  are  almoft  always  gall-ftones,  and  are  ordinarily  dif- 
charged by  the  anus.  Calculi  formed  by  the  induration  or  crystallization  of  the 
contents  of  the  inteftines,  are  extremely  rare  in  the  human  fyftem  ; but  much- 
more  common  in  animals.  Our  author  examined  one  of  tlrefe  concretions  taken 
from  the  inteftinal  canal  of  a horfe.  Its  colour  was  gray;  it  appeared  to  be 
formed  of  rays  diverging  from  th£  centre  to  the  circumference.  Its  figure  was 
round,  confiderably  regular;  its  diameter  five  inches,  and  its  weight  five  pounds. 
When  fawed  in  half,  it  was  feen  that  its  parts  were  fo  arranged  round  a common 
centre,  as  to  diverge  in  all  directions,  and  form  a fphere  of  eighteen  inches  cir- 
cumference. The  centre  of  this  fphere  exhibited  certain  cavities  which  con- 
tained fragments  of  vegetable  matters,  fuch  as  ftraw,  hay,  and  oats*  which  emitted 
the  fmell  of  thefe  fubftances  already  altered. 

M.  Fourcroy  examined  this  fubftance  by  treatment  with  water  hot  and  cold, 
with  the  pure  mineral  alkali,  by  the  aCtion  of  heat,  the  three  mineral  acids,  the 
aerated  marine  acid,  deftruCtive  diftillation,  and  diftillation  with  charcoal.  For 
the  fake  of  brevity  the  refults  are  here  omitted  ; but  they  produce  the-.conclufion 
that  the  calculus  was  a triple  fait,  compofed  of  about  two  parts  phofphorated 
magnefia,  one  part  phofphorated  volatile  alkali,  and  one  part  water,  befides  cer- 
tain traces  of  vegetable  and  animal  admixture. 

M.  Fourcroy  offers  feveral  conjectures  relative  to  the  formation  of  this  concrete 
fubftance.  He  demands  whether  its  principles  were  formed  in  the  vifcera  of  the 
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horfe;  and  on  that  fuppofition,  whence  did  they  derive  their  elements  ? for  they 
themfelves  are  compounds.  By  what  means  did  the  magnefia,  a fubdance  fo 
rarely  met  with  among  animal  matters,  become  part  of  this  compound?  Can  it 
be  fuppofed  to  have  originated  in  the  entrails  of  the  animal  ? and  if  fo,  by  what 
procefs  ? Is  there  any  ground  for  the  loofe  and  remote  hypothefis,  that  it  may 
be  a.  modification  of  lime,  which  is  fo  univerfally  diffufed  in  animals  ? With  re- 
gard to  the  phofphoric  acid,  though  we  are  far  from  poflefling  a good  ground  of 
ellimate  of  its  quantity  in  the  animal  ceconomy,  yet  it  is  eafy  to  conceive  that  it 
may  have  been  collected  in  the  intedines,  and  united  in  a courfe  of  time  with  the 
magnefia  and  volatile  alkali.  Perhaps  the  magnefia  may  have  been  given  to  the 
animal  as  a remedy  for  fome  inteftine  diforders.  This  fufpicion  appears  the  molt 
probable  to.  Fourcroy  ; though  it  feems,  according  to  him,  to  include  the  fup- 
pofition that  the  magnefia  muff  have  remained  a long  time  in  the  animal,  and  pre- 
vented its  ordinary  evacuations. 

Every  concretion  formed  in  any  part  of  the  bcdy  is  called  a calculus  or  done 
by  medical  writers.  There  are  two  kinds  of  mufcular  calculi  or  concretions  which 
originate  in  the  midd  of  the  flefhy  fibres.  The  one  are  merely  offifications  of 
tendinous  fibres,  which  take  place  in  old  animals,  at  the  time  when  the  extremities 
of  tendons  and  the  fides  ofvelfels  themfelves  are  offified.  It  is  an  abufe  of  terms 
to  call  thefe  calculi.  The  other  kind  .of  mufcular  concretions  of  a granular,  an- 
gular, or  irregular  figure,  which  are  met  with,  though  indeed  rarely,  in  the  in- 
ternal parts  of  the  mufcles  themfelves,  between  the  flefiiy  maflfes,  and  which  are 
mold  frequently  found  after  long  continuance  of  gout : thefe  have  not  been 
analyfed.  It  is  probable  that  they  are  of  the  fame  nature  as  thofe  found  in  gouty 
articulations,  and  analogous  to  the  folid  matter  of  bones.  Fourcroy  was  not  able 
to  procure  a fingle  mufcular  calculus  during  the  courfe  of  twelve  years  enquiry. 

Anatomids  have  frequently  found  folid  concretions  in  the  human  pancreas. 
They  have  not  been  analyfed.  Nothing  is  more  common  than  to  find  feveral 
fmall  ftones  in  the  pineal  gland  of  the  human  head.  This  fad  is  generally 
known  to  anatomifts ; but  either  on  account  of  their  fmallnefs,  and  the  difficulty 
of  procuring  a fufficient  number,  or  the  little  attention  which  has  been  hitherto 
paid  to  the  utility  of  chemiftry  in  the  philofophy  of  animal  bodies,  no  exami- 
nation has  yet  been  made  of  this  interefting  objed. 

It  is  not  uncommon  for  old  perfons  who  have  been  long  fubjed  to  arthritic 
affedions,  to  expedorate,  by  coughing,  fmall  irregular  calculi,  which  Mr.  Roering 
affirms  to  be  of  the  fame  natuie  as  the  bafis  of  bones ; that  is  to  fay,  phofphorated 
lime. 

Stones  are  formed  in  the  kidneys,  which  are  the  natural  filter  of  the  urine. 
The  human  ipecies  is  very  fubjed  to  this  diforder.  When  the  reinal  calculi  are 
fmall,  they  are  carried  along  with  the  urine  through  the  urethers,  and  evacuated 
under  the  name  of  gravel;  but  when  they  are  retained  they  produce  more  ferious 
evils,  for  which  medicine  at  p refen  tpofifeffes  no  remedy,  This  concretion  in 
man  is  of  the  fame  nature  as  the  done  of  the  bladder,  as  Fourcroy  found  by  exa- 
mination. 

The  fingular  properties  of  the  urine  of  the  horfe  are  well  known.  It  is  much 
more  charged  with  matter  that  fubfides  than  urine  of  men,  and  hence  it  becomes 
turbid  at  the  very  inftant  of  its  emiffion.  The  powder  which  falls  down  from  the 
urine  of  the  horfe  is  for  the  mod  part  chalk,  as  Fourcroy  afferts,  whereas  that 
which  is  piecipitatcd  from  human  urine,  efpecially  at  the  end  of  attacks  of  illnefs, 
is  the  acid  of  the  done  of  the  bladder.  On  examination  of  the  reinal  calculus 
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of  a horfe,  its  component  parts  were  found  to  correfpond  with  thofe  of  the  urine 
of  the  animal. 

/The  falivary  calculi  are  not  rare,  particularly  in  the  porotid  and  fublingual 
glands.  Medical  writers  abound  with  obfervations  relative  to  thefe  concretions, 
but  nothing  chemical  has  been  done  refpedting  them.  They  have  been  fuppofed 
to  be  of  the  fame  nature  as  the  tartar  of  the  teeth,  which  Fourcroy  has  afcertained 
to  be  phofphorated  lime. 

Different  fpecies  of  calculi  are  found  in  the  ftomach  of  man,  particularly  bi- 
liary concretions,  ftony  and  ftratified  concretions,  and  balls  of  hair  or  fibres 
agglutinated  by  a concrefcible  lymph.  Manyfatfts  of  this  nature  are  extant,  but 
none  of  the  narratives  exhibit  materials  to  afcertain  the  intimate  nature  of  thefe 
concretions. 

The  property  of  forming  calculi  is  obferved  likewife  in  vegetables.  Several 
botanifts  have  defcribed  thefe  vegetable  concretions,  particularly  in  the  cocoa, 
the  palm,  &c.  There  are  feveral  in  the  collection  of  Juflieu.  Fourcroy  favv 
fome  which  were  round,  white,  polifhed  like  ivory,  and  apparently  very 
hard.  He  could  not  afcertain  their  nature,  on  account  of  their  fcarcity  and 
dearnefs.  They  are  called  vegetable  bezoar,  and  the  credulity  which  accom- 
panies all  the  prejudices  of  medicine  has  extolled  them  as  very  powerful  re- 
medies. 

It  is  well  known  that  feveral  fruits,  more  efpecially  pears,  are  very  fubjeCt 
to  contain  a quantity  fometimes  confiderable  of  granulated,  irregular,  hard  con- 
cretions which  are  known  by  the  name  of  ftones.  Mr.  Vauquelin  has  made  a 
number  of  experiments  upon  thefe,  which  prove  that  they  are  of  the  fame  nature 
as  wood. 

STORAX.  The  moft  fragrant  of  the  folid  refins,  and  indeed  of  all  the 
known  vegetable  fubftances,  is  ftorax  or  ftyrax,  obtained  from  a tree  of  the  fame 
name,  laid  to  grow  moft  plentifully  in  Syria,  Cilicia,  and  Paraphilia.  America 
likewife  produces  ftorax-trees,  but  not  that  particular  fpecies  which  affords  the 
officinal  refin.  The  true  ftorax- tree  has  leaves  like  thofe  of  the  quince,  and 
hence  is  named  by  Cafpar  Bauhin  and  Tournefort,  Styrax  folio  mali  cotonei  : 
its  flowers  are  white,  in  fhape  fomewhat  like  a funnel,  divided  into  feveral  feg- 
ments  about  the  edges : the  fruit  is  about  the  fize  of  a hazel  nut. 

The  fine  ftorax,  called  red  ftorax,  or  ftorax  in  the  tear,  is  the  pure  native  juice, 
flowing  from  incifions  made  in  the  trunk  of  the  tree.  This  is  very  rarely  to  be 
met  with.  The  common  ftorax  is  fuppofed  to  be  in  part  an  artificial  compo- 
fition,  mixed  with  a confiderable  portion  of  the  genuine  refin.  Of  the  pro- 
duction however  of  this  concrete  we  have  no  fatisfaCtory  account.  That  it  is  not 
an  artificial  compofition  may  be  judged  from  hence;  that  notwithftanding  its 
large  admixture  of  faw-duft,  it  is  more  fragrant  than  the  pure  ftorax  in  the  tear, 
and  its  fragrance  is  exactly  of  the  fame  kind.  Some  refinous  bodies  indeed  dif- 
cover  a greater  degree  both  of  fmell  and  tafte,  when  diluted  with  other  fubftances 
of  themlelves  inodorous  and  infipid,  than  in  their  pure  ftate : but  the  pure  refin 
extracted  from  common  ftorax  by  fpirit  of  wine,  is  (till  more  fragrant  than  the 
ftorax  itfelf,  or  the  refin  prepared  by  the  fame  means  from  ftorax  in  the 
tear. 

It  feems  probable,  that  the  pure  ftorax  is  the  juice  which  concretes  upon  the 
tree,  and  which  has  loft  in  the  drying  its  more  fubtle  odoriferous  parts ; and  that 
the  common  ftorax  is  the  juice  received  immediately  in  veffels,  and  mixed  with 
faw-duft  enough  to  thicken  it ; the  Ihops  requiring  under  the  name  of  ftorax  a 
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folid  or  confident  mafs,  and  evaporation  being  found  to  diffipate  its  fragrance*. 
Neumann  obferves,  that  he  cannot  conceive  for  what  other  purpofe  the  woody 
matter  could  be  added  ; for  it  is  too  eafily  diftinguilhable  to  have  been  intended 
as  an  impofition. 

The  ftorax-tree  is  faid  to  grow  fpontaneoufly,  not  only  in  the  eaftern.  countries, 
but  in  Italy ; whether  it  yields  any  refin  there,  we  have  no  account.  It  fcarcely 
bears  the  winters  of  our  climate  without  fhelter. 

The  common  ftorax  was  formerly  brought  to  us  inclofed  in  reeds  or  canes,, 
whence  its  name  ftyrax  calami  ta  : at  prefeint  we  meet  with  it  in  large  cakes  or- 
loaves,  of  a reddifh  brown  colour,  foftifh,  and  as  it  were  undluous  to  the  touch, 
yet  brittle  and  friable,  and  of  an  extremely  pleafant  fweet  fmell. 

Out  of  an  ounceof  common  ftorax,  rectified  fpirit  of  wine  difl'olved  fix  drams;, 
from  the  refiduum,  water  extracted  half  a dram  of  gummy  matter;  the  reft  was 
almoft  mere  faw-duft.  Another  ounce  of  the  fame  ftorax,  treated  with  water  at 
firft,  gave  two  drams  of  extraft  ; after  which  it  yielded  with  fpirit  four  drams  of 
refin,  the  faw-duft  remaining  as  before. 

Pure  fpirit  elevates  in  diftillation  very  little  of  the  fmell  of  the  ftorax:  the 
diftilled  water  is  notably  impregnated  with  its  fine  flavour,  but  no  feparable  oil. 
is  obtained.  To  determine  this  laft  point  more  fully,  Neumann  diftilled  eight 
ounces  of  ftorax  with  fixteen  ounces  of  water  in  a glafs  retort.  No  appearance 
of  oil  could  be  perceived  till  the  water  was  almoft  all  drawn  off,  and  the  remain- 
ing ftorax  began  to  grow  dry  and  fcorched  : then  arofe  a fine  fubtle  oil^  weighing, 
two  fcruples,  together  with  nine  drams  of  an  empyreumatic  liquor:  prefently 
fucceeded  two  drams  and  a fcruple  of  thick  butyraceous  oil,  and  afterwards  two 
ounces  one  dram  of  an  empyreumatic  oil,  which  had  nothing  of  the  fmell  of  the 
ftorax,  along  with  five  drams  of  an  acid  fpirit  : the  refiduum  weighed  two  ounces 
and  feven  drams.  The  butyraceous  oil  being  wafhed  with  warm  water,  and  the 
water  fet  by  in  a cold  place,  a final!  portion  of  faline  matter  feparated,  fimilar  in- 
appearance  to  the  flowers  of  benzoin. 

Though  re&ified  fpirit  diftilled  from  ftorax  brings  over  little  or  nothing  of  its 
fmell;  we  may  neverthelefs  obtain  a fpirit  pretty  ftrongly  impregnated  both  with 
the  fmell  and  tafte  of  the  ftorax,  by  previoufly  mixing  the  refin  with  twice  its 
weight  of  fait  of  tartar,  and  drawing  over  a rectified  fpi,rit  of  wine  from  this 
mixture.  The  ftrongeft  and  moft  fragrant  principle,  feparable  from  ftorax,  is 
the  fubtile,  flightly  empyreumatic  oil,,  which  arifes  firft  in  the  diftillation- 
of  it. 

In  the  fiiops,  we  meet  with  a fluid  refinous  fubftance,  called  ftyrax  liquida. 
This  is  faid  by  fome  to  be  extracted  by  expreflion  from  the  bark  of  the'  ftorax- 
tree ; by  fome  from  the  leaves,  or  the  leaves  and  bark  together;  and  by  others, 
to  be  a compofition  of  turpentine,  oil,  wine,  and  a little  lolid  ftorax.  This  laft 
account  is  the  moft  probable.  Neumann  informs  us,  there  was  a perfon  in  his 
neighbourhood  (Berlin)  who  prepared  fome  hundred  weights  every  year,  and  was 
faid  to  employ  chiefly  common  refin. 

Lewis  in  a note  on  this  paffage  obferves,  that  the  genuine  liquid  ftorax  is 
obtained  not  from  the  tree  which  yields  the  folid  ftorax,  but  from  one  of  a different 
genus,  though  ufually  called  by  the  fame  name.  That  which  yields  the  folid  is 
diftinguifhed  by  the  epithet  quince-leaved,  and  that  which  yields  the  liquid  by 
that  of  rnaple-leaved-ftorax. 

The  maple-leaved  ftorax-tree  is  a native  of  Virginia,  Mexico,  and  fome  other 
parts  of  America,  and  is  eafily  naturalized  to  our  own  climate.  A refinous  juice 
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approaching  in  fragrance  to  ftorax,  exudes  upon  the  furface  of  the  leaves,  and 
may  be  extracted  more  perfectly  by  fpirit  of  wine  : the  procefs  by  which  the 
juice  is  procured  abroad  has  not  been  tried  with  the  trees  raifed  here. 

Liquid  ftorax  and  liquid  amber  are  faid  to  be  both  obtained  from  this  one  tree, 
the  firft  by  boiling  the  bark  or  branches  in  water,  the  latter  by  making  incifions 
in  the  trunk.  Mr.  Petiver  gives  an  account,  in  the  Philofophical  Tranfadtions,  of 
the  preparation  of  liquid  ftorax,  as  pradtifed  in  the  iftand  Cobros  in  the  Red-Sea, 
from  a tree  (which  probably  is  no  other  than  this)  called  by  the  Turks  and 
Perfians,  Rofa  Millos.  The  bark  is  annually  cleared  off,  and  boiled  in  fea 
water  to  the  confidence  of  bird-lime.  The  refinous  matter,  which  floats  upon 
the  ftirface,  and  contains  a confiderable  portion  of  the  fubftance  of  the  bark,  is 
taken  off,  liquefied  again  in  boiling  water,  and  paffed  through  a (trainer.  The 
purer  part  which  pafles  through,  and  the  more  impure  which  remains  on  the 
(trainer,  are  both  fent  to  Mocca,  from  whence  they  are  fometimes,  but  very 
rarely,  brought  to  us.  The  firft  is  of  the  confidence  of  honey,  tenacious  like 
turpentine,  of  a browninfli  colour,  an  acrid  aromatic  undtuous  tafte,  and  a fmell 
approaching  to  that  of  folid  ftorax,  but  fo  ftrong  as  to  be  difagreeable.  The 
impure  fort  is  full  of  woody  matter,  and  much  weaker  in  fmell. 

The  liquid  amber,  or  juice  which  iffues  from  incifions  in  the  trunk,  is  at  firft 
of  the  confidence  of  thin  turpentine,  but  by  long  keeping  grows  hard  and  brittle. 
It  is  of  a yellow  colour,  inclining  to  red,  of  a hot  aromatic  tafte,  and  a fragrant 
fmell,  not  unlike  that  of  ftorax  heightened  with  a little  ambergris.  It  was  for- 
merly much  ufed  as  a perfume,  but  is  .at  prefent  fcarcely  known  in  the  (hops. 

Four  dramsof  liquid  ftorax  yielded,  with  redtified  fpirit'of  wine,  three  drams  and 
one  fcruple  of  refinous  cxtradt;  from  the  remaining  two  fcruples,  water  took  up  only 
a few  grains  : the  diftilled  fpirit  fmelt  a little  of  the  refin.  In  diftillation  with 
water,  an  effential  oil  arofe,  fimilar  in  flavour  to  oil  of  turpentine,  or  the  oleum 
pini.  By  diftillation  in  a ftronger  fire,  inftead  of  a clear  empyreumatic  oil, 
what  came  over  was  almoft  mere  pitch.  Thefe  experiments  are  a fufficient  proof 
that  the  common  liquid  ftorax  is  an  artificial  compound. 

STRONTIONITE.  In  the  fecond  part  of  the  Philofophical  TranfadtiOns 
for  1794,  there  is  an  account  of  a mineral  fubftance  thus  denominated  from  the 
place  Strontion  in  Scotland,  where  it  is  found  in  granite  rocks,  accompanied  by 
galena  and  witherite,  by  which  laft  name,  I fuppofe,  Mr.  Schmeiffer,  the  author 
of  the  analyfis,  means  the  native  aerated  ponderous  earth. 

In  all  the  fpecimens  this  author  had  feen,  he  could  not  difcover  any  regular 
cryftallized  figure.  The  fpecimen  which  he  fubmitted  to  experiment  was  in  folid 
maffes,  apparently  compofed  of  long  fibres,  clofely  adhering  together  and  difpofed 
in  radiations ; its  colour  was  an  afparagus  green,  deeper  towards  the  centre  of  the 
mafs  j when  broken,  the  furface  was  a little  (hining  in  certain  diredtions,  the  frag- 
ments rather  bar-like,  and  fomewhat  brittle. 

Some  fpecimens  exhibit  only  light  (hades  of  this  colour,  and  appear  to  be 
compofed  of  long  thin  bars,  which  are  often  feparated  from  each  other  towards 
the  extremity. 

The  fpecimen  examined  was  femi  tranfparent,  but  the  mod  of  it  rather  in- 
clining to  opake.  A hard  knife  fcratched  it,  but  it  could  not  be  fcraped.  Its 
fpecific  gravity  was  3,586  at  6o°  of  temperature. 

The  firft  experiments  which  pointed  out  a diftindtion  between  the  bafis  of  this 
(tone  and  the  ponderous  earth  of  Seheele,  were  made  by  Dr.  Crawford's  defire, 
by  his  aftiftant  Mr.  Cruikfliank,  and  were  afterwards  repeated  by  himfelf.  The 
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account  of  thefe  is  inferted  in  the  fecond  volume  of  the  Medical  Communications, 
by  reference  to  which  Mr.  Schmeifler  very  properly  does  juftice  to  the  original 
difcoverers. 

Mr.  S.  found,  i.  that  the  powder  of  ftrontionite  was  not  a&ed  on  by  boiling 
water,  2.  nor  by  the  vitriolic  acid  ; 3.  but  the  nitrous  and  marine  acids  fe- 
verally  and  entirely  diffolved  it  with  ftrong  effervefcence  : the  elaftic  fluid 

which  efcaped,  was  pure  fixed  air.  4.  Diluted  vitriolic  acid,  added  to  the 
diluted  nitrous  and  marine  folutions,  threw  down  a white  precipitate.  5.  Before 
the  blow  pipe,  a piece  of  the  ftrontionite  did  not  crackle,  nor  fplit  afunder,  nor 
did  it  melt  even  when  expofed  to  white  heat;  but  it  difcovered  a very  bright 
phofphorefcent  light,  became  more  brittle,  loft  its  green ifh  caft,  and  then  was 
partly  foluble  in  water.  A long  continuance  of  the  white  heat  deprived  it  of 
very  little  of  its  weight,  and  it  Rill  efFervefced  with  acids.  6.  With  borax  and 
with  foda,  it  melted  with  ebullition,  but  neither  a blue  nor  a green  colour-  was 
exhibited  by  fufion  with  the  former.  7.  Fluid  volatile  alkali  did  not  extract  any 
blue  colour  from  the  powdered  fubftance,  nor  when  added  to  the  acid  folutions. 
The  folutions  in  the  marine  and  nitrous  acids  were  colourlefs.  A piece  of  paper 
dipped  in  the  nitrous  folution,  burned  with  a red  flame.  8.  The  Pruflian  alkali 
added  to  a faturated  folution  threw  down  a very  flight  quantity  of  blue  preci- 
pitate. 9.  Acid  of  fugar  added  to  the  diluted  folution  afforded-  a very  flight 
precipitate.  10.  The  remaining  liquid  of  the  foregoing  experiments  was  mixed 
with  vitriolic  acid,  until  no  more  precipitate  took  place;  after  which  the  remain- 
ing filtered  liquor  afforded  no  earth,  when  purified  potafh  was  added  to  faturation. 
ii.  The  faturated  nitrous  folution  afforded  cryftals  by  evaporation,  Which  were 
permanent  in  the  air,  and  exhibited  triangular  and  fexangular  plates.  ii.The 
faturated  marine  folution  exhibited  onevaporat  ion  long  fix-fided  prifins,  which 
have  the  broad  alternating  with  the  narrow  fides,  and  terminate  in  obtufe  trihe- 
dral pyramids.  This  was  obferved  by  Dr.  Crawford,  who  alio  found  that  the 
fait  formed  of  the  fubftance  with  acids  diffolved  in  water,  produced  five  times 
more  cold  than  the  fait  from  the  barytes  in  the  fame  acid  ; that  the  fait  formed 
by  marine  acid  and  this  fubftance,  was  much  more  foluble  in  warm  water  than 
in  cold,  whilft  the  muriat  of  barytes  is  nearly  as  foluble  in  cold  as  in  warm 
water ; that  one  ounce  of  diftil led  water  diffoives  three  times  as  much  of  the 
muriat  of  ftrontionite  as  of  the  muriat  of  barytes,  which  makes  a diftindtion  between 
the  bafis  of  this  fubftance  and  the  barytes.  12.  Nitrous  acid  added  to  the  marine 
folution  of  ftrontionite  occafioned  a decompofition.  13.  The  earth  was  procured 
in  a diftindl  ftate  by  folution  in  marine  acid,  precipitation  by  diluted  vitriolic 
acid,  fubfequent  drying,  and  decompofition  by  means  of  heat,  with  purified  pot- 
afh, wafhing  with  water,  and  calcination.  The  quantity  of  fixed  air  contained  in 
this  earth  was  then  proportionally  afcertained  by  folution  in  acid.  Mr.  Schmeifler 
then  found,  that  a hundred  grains  of  fpecific  vitriolic  acid,  by  which  I fuppofe 
he  means  the  particular  acid  he  made  ufe  of,  required  133  grains  of  the  pure 
earth  for  faturation,  but  that  130  grains  of  pure  ponderous  earth  were  required  for 
the  fame  purpofe;  that  a hundred  grains  of  nitrous  acid  required  94  grains  of 
this  earth,  but  120  grains  of  the  ponderous  earth,  for  its  faturation  ; and  that  100 
grains  of  marine  acid  required  56  of  this  earth,  but  96  of  the  ponderous. 

Hence  Mr.  Schmeifler  concludes,  1.  That  the  native  mineral  contained  no  faline 
matter.  2.  That  it  contained  fixed  air ; and  3.  An  earth  fimilar  to  the  ponderous 
earth  in  its  habitudes  with  the  vitriolic  acid.  4.  No  water  of  cryftallization.  5. 
No=cobalt  nor  copper.  6.  A fmall  portion  of  iron.  7.  Some  calcareous  earth. 
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8.  No  argillaceous  nor  magnefian  earth  ; and  9.  That  the  earthy  bafis  is  of  a dif- 
ferent nature  from  ponderous  earth. 

In  order  to  afcertain  the  quantity  or  proportion  of  component  parts  of  this 
fubftance,  he  diffolved  100  grains  in  acid,  which  yielded  30  grains  of  fixed  air. 
Half  a grain  of  calcareous  earth  was  precipitated  by  acid  of  fugar,  and  the  re- 
maining folution  yielded  by  decompofition  68  grains  of  the  peculiar  earth,  which 
may  be  called  ftrontion  earth.  The  remaining  weight  may  be  accounted  for 
from  the  fubftance  which  gives  it  the  colour,  which  from  comparative  experi- 
ments Mr.  Schmeiffer  fuppofes  to  be  phofphorated  iron  and  manganefe. 

„ The  fubftance  with  which  it  was  accompanied,  was  cryftallized  in  fix-fided 
prifms,  with  pyramids,  colourlefs,  femi-tranfparent,  rather  opake  towards  the 
bafis,  and  lefs  hard  than  the  other  fubftance.  By  analyfis  it  was  found  to  contain 
feventy  grains  of  ponderous  earth,  fifteen  grains  of  fixed  air,  and  twelve  of  cal- 
careous earth. 

SUBLIMATE,  CORROSIVE.  There  are  feveral  ways  of  preparing  corro- 
five  fublimate.  The  mod  common  way  is,  by  mixing  equal  parts  of  dried  mer- 
curial nitre,  decrepitated  common  fait,  and  calcined  or  white  martial  vitriol ; 
putting  this  mixture  into  a matrafs,  of  which  two  thirds  muft  remain  empty  ; 
lrhmerilng  the  mixture  into  a fand  bath,  and  heating  it  gradually  till  its  bottom 
is  made  red  hot.  The  vitriolic  difengages  the  marine  a cidfrom  the  foda : the 
fioda  again  feparates  the  nitrous  acid  from  the  mercury,  which  has  robbed  it  of 
part  of  its  vital  air ; after  that  the  marine  acid  combines  with  the  calx  of  mercury, 
and  forms  corrofive  mercurial  fublimate,  which  rifes  in  Bat  pointed  cryftals, 
that  fix  on  the  upper  part  of  the  matrafs.  The  nitrous  acid  is  difperfed  in 
nitrous  gas;  the  refidue  is  reddifii  or  brown,  and  contains  calx  of  iron  and 
common  Glauber’s  fait,  formed  by  the  combination  of  the  vitriolic  acid  with 
the  bafe  of  the  marine  fait.  In  Holland,  this  falt-is  prepared  in  the  large  way 
by  triturating  together  equal  parts  of  mercury,  common  fait  and  vitriol  of  iron, 
and  expofing  the  mixture  to  a ftrong  heat.  In  this  way  of  preparing  corrofive 
fublimate,  the  vitriolic  acid,  difengaged  by  heat  from  the  vitriol  of  iron,  appears 
to  convert  the  fimple  into  aerated  muriatic  acid  ; for  no  other  but  this  laft  acid 
could  diffolve  all  the  mercury  employed  on  the  occafion.  Corrofive  mercurial 
fublimate  may  be  likewife  obtained  by  fubliming  a mixture  of  vitriol  of  iron, 
common  fait,  and  mercurial  precipitate,  by  fixed  alkali,  or  any  other  kind  of 
mercurial  calx. 

Boulduc  has  given  a very  good  procefs  for  preparing  corrofive  mercurial  fubli- 
mate : but  Speilman  remarks,  that  it  was  before  fuggefted  by  Kunckel  in  his  Che- 
mical Laboratory.  It  confifts  in  heating  in  a matrafs  equal  quantities  of  vitriolic 
fait  of  mercury,  and  decrepitated  common  fait.  Corrofive  fublimate  is  volatilized, 
and  what  remains  is  only  Glauber’s  fait.  This  mode  of  operation  affords  a very 
pure  corrofive  fublimate ; whereas  that  which  we  obtain  in  commerce,  and  even 
that  which  is  prepared  in  the  fmall  way  with  vitriol  of  iron,  always  contains  fome 
mixture  of  iron.  Boulduc’s  procefs  is  both  eafier  and  lefs  expenfive.  It  likewife 
proves,  that  the  vitriolic  acid  pofleffes  the  pnoperty  of  aerating  the  muratic  acid  in 
thefe  circumftances.  M.  Monnet  informs  us,  that  he  obtained  this  fait  alio,  by 
treating  in  a retort  very  dry  common  fait  with  mercurial  calx  precipitated  from 
the  nitrous  folution  of  mercury  by  fixed  alkali.  In  all  thefe  proceffes  for  pre- 
paring corrofive  mercurial  fublimate,  the  operator  fhould  beware  of  breaking  the 
veffel  containing  the  fublimate  till  it  be  perfectly  cool,  left  he  fuffer  from  the 
vapours  of  the  fait.  Laftly,  there  is  yet  another  and  more  expeditious  way  of 
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preparing  corrofive  mercurial  fublimate  : it  confifts  in  pouring  aerated  muriatic 
acid  into  a folution  of  nitrated  mercury,  and  evaporating  the  mixture  flowly  : 
when  the  nitrous  acid  is  difengaged,  the  liquor  affords,  by  cooling,  cryflals  of  the 
corrofive  mercurial  fait.  There  is  reafon  to  think,  that  when  Scheele’s  aerated 
muriatic  acid  becomes  better  known,  apothecaries  will  prepare  corrofive  mercu- 
rial fublimate,  either  by  this  laft  proceis  or  by  fimpie  iolution. 

Corrofive  mercurial  fublimate  is  a neutral  faline  fubftance,  which  well  merits 
the  attention  of  chemifts  and  phyficians.  It  poffeffes  a number  of  valuable  pro- 
perties, which  Fourcroy  has  enumerated.  It  has  a very  cauftic  tafte.  When 
but  the  fmalleft  quantity  touches  the  tongue,  it  leaves  for  a longtime  after  a flip- 
tic  and  metallic  impreiTion,  which  is  very  difagreeable.  This  impreffion  extends 
even  to  the  larynx,  doling  it  fpafmodically  ; and  the  effect  remains  long,  par- 
ticularly on  perfons  of  very  delicate  nerves.  This  fait  ads  in  a ftill  more  fen- 
fible  manner  on  the  coats  of  the  ftomach  and  the  vifcera.  When  fuffered  to  ad 
upon  them  for  fome  time,  it  corrodes  them  fo  as  todeflroy  their  fubftance  : it  is 
of  confluence  one  of  the  ftrongeft  poifons  known.  The  caufticity  qf  corrofive 
mercurial  fublimate  appears  to  depend  on  the  ftate  in  which  the  mercury  exifts 
in  the  fait,  as  has  been  very  ingenioufly  explained  by  Macquer.  It  cannot,  as 
fome  authors  have  imagined,  be  afcribed  to  the  muriatic  acid  ; for  the  quantity 
of  the  mercury  is  more  than  three  times  as  much  as  that  of  the  acid.  Accord- 
ingly, it  has  been  obferved  by  Rouelle,  that  this  fait  communicates  rather  a 
green  than  a red  colour  to  fyrup  of  violets.  The  tafte  too  of  corrofive  mercu- 
rial fublimate  is  much  ftronger  than  that  of  the  muriatic  acid.  A perfon  may 
take  a dram  of  muriatic  acid  diluted  in  water,  without  fuffering  any  harm: 
whereas  a few  grains  of  mercurial  muriate  taken  in  the  fame  quantity  of  water  are 
a certain  poifon.  Bucquet  thought  this  exceflive  fapidity  to  depend  on  the  com- 
bination of  the  two  bodies  which  compofe  this  fait.  One  of  his  ftrongeft  proofs 
was  drawn  from  that  law  of  the  affinity  of  compofition  by  which.it  is  eftablifhed, 
that  compounds  poffefs  new  properties  entirely  different  from  thofe  of  the  bodies 
of  which  they  are  compounded. 

Corrofive  mercurial  fublimate  fuffers  no  fenfible  alteration  from  light.  Heat 
volatilizes  and  half  vitrifies  it.  When  expofed  to  a ftrong  heat  in  the  open  air, 
it  is  diffipated  in  a white  fmoke,  the  effedls  of  which  are  very  energetic,  and 
very  noxious  to  the  animal  oeconomy.  When  heated  flowly  and  by  degrees,  it 
is  fublimed  in  a regular  cryftalline  form.  Its  cryftals  are  prifms,  fo  compreffed, 
that  it  is  impoffible  to  determine  the  number  of  their  faces.  They  terminate  in 
very  acute  points;  and  have  been  with  good  reafon  compared  to  the  blades  of 
poniards  thrown  very  confufedly  together.  Fire  does  not  decompofe  this  fait ; 
it  fuffers  no  alteration  from  air.  It  diffolves  in  nineteen  parts  of  water,  and  cryf- 
tallizes  by  evaporation  into  flat  prifms,  very  acute  at  their  extremities,  re-, 
fembling  thofe  obtained  by  fublimation.  The  fpontanecus  evaporation  of  its 
folution  afforded  both  Fourcroy  and  M.  Bucquet  feveral  times  oblique-angled 
parallelepipeds,  with  their  extremities  truncated  flopewife.  M.  Thouvenel  has 
obtained  that  fait  cryftallized  in  hexahedral  prifms  a little  compreffed. 

Barytes,  magnefia,  and  lime  decompofe  corrofive  mercurial  muriate,  caufing 
it  to  yield  a precipitate  of  calx  of  mercury.  The  phagedenic  water  ufed  by  fur- 
geons  as  a corrofive,  is  prepared  by  adding  half  a dram  of  this  fait  in  powder 
to  a pound  of  lime-water ; a yellow  precipitate  is  formed,  which  renders  the 
liquor  turbid,  and  it  is  employed  before  the  precipitate  fubfides.  The  fixed 
alkalis  feparate  from  corrofive  mercurial  fublimate  an  orange- coloured  calx,  which, 
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when  differed  to  fettle  for  fome  time,  acquires  a deeper  colour.  Volatile  ad 
kali  caufes  this  fait  to  yield  a white  p'recipitate,  which  however  foon  affumes  a 
date  colour. 

The  acids  of  the  alkaline  neutral  falts  produce  no  alteration  on  corrofive 
mercurial  fublimate. 

This  fait  contra&s  an  intimate  union  with  fal  ammoniac  ; but-neither  of  them 
is  decompofed.  Either  by  fublimation,  or  by  crydallization,  it  forms  with  it  a 
very  lingular  faline  compound,  which  the  alchemids  valued  highly,  and 
called  alembrotli  fait,  fait  of  art,  fait  of  wifdom,  &c.  The  fal  ammoniac  ren- 
ders the  corrofive  fublimate  very  foluble ; for,  according  to  Baume,  three 
ounces  of  water,  containing  nine  drams  of  the  former  fait,  diffolve  five  ounces 
of  the  latter.  This  lad  folution  is  effe&ed  by  the  help  of  heat ; and  when  it 
cools,  the  fait  fubfides  into  a mafs.  With  this  fait  a preparation  is  made  up 
which  is  called  white  precipitate.  It  is  prepared  by  catling  into  a folution  of  a 
pound  of  fal  ammoniac  an  equal  quantity  of  corrofive  mercurial  fublimate  in 
powder.  When  this  fait  is  fully  diflolved,  a folution  of  mild  vegetable  alkali 
is  poured  into  the  mixture,  and  produces  a white  precipitate : this  precipitate  is 
wafhed,  formed  into  little  balls,  and  dried  in  the  air.  In  this  operation  the 
pot-afh  difengages  the  volatile  alkali ; which  in  its  turn  precipitates  the  mercury 
in  a white  calx.  This  precipitate  becomes  yellow  when  expofed  to  Teat,  or 
even  to  light. 

Corrofive  mercurial  fublimate  is  altered  by  inflammable  air.  Sulphur  pro- 
duces no  change  on  it,  but  liver  of  fulphur  decompofes  it  as  well  as  the  other 
folutions, of  mercury:  the  immediate  produft  of  this  decompofition  is  a black 
precipitate,  which  refults  from  the  combination  of  the  fulphur  with  the  mer- 
cury. Mod  of  the  femi-metals  are  capable  of  decompofing  this  fait : and  each' 
of  thefe  indances  of  decompofition  is  attended  with  peculiar  phaenomena. 

When  two  parts  of  corrofive  mercurial  fublimate  with  one  of  arfenic  are-  dif- 
tilled  by  a moderate  heat,  there  pafles  into  the  receiver  a matter  of  the  confid- 
ency  of  oil,  and  tranfparent,  of  which  one  part  is  very  foon  condenfed  into  a 
kind  of  white  jelly,  improperly  called  corrofive  oil,  or  butter  of  arfenic.  If 
the  heat  be  continued  after  this  produdt  has  pafled  oflf,  running  mercury  is  ob- 
tained ; and  by  this  procefs  we  may  attain  an  accurate  knowledge  of  the  princi- 
ples of  corrofive  mercurial  fublimate.  This  marine  combination  of  arfenic 
does  not  appear  to  be  fufceptible  of  crydallization  ; it  melts  by  a moderate  heat, 
and  its  tade  is  fo  caudic  that  it  indantaneoufly  dedroys  our  organs.  It  diflolves 
in  water,  by  which  it  is  partly  decompofed  : we  are  ignorant  of  its  other  pro- 
perties. It  cannot  be  obtained  with  calx  of  arfenic  ; becaufe  when  that  femi- 
metal  is  already  faturated  with  vital  air,  it  cannot  difengage  mercury  from  its 
combination  with  the  muriatic  acid,  by  abforbing  that  principle. 

The  effefts  of  nickel,  cobalt,  and  manganefe,  on  corrofive  mercurial  fubli- 
mate, have  not  yet  been  examined.  As  to  bifmuth,  antimony,  and  zinc,  thofe 
three  femi-metals  decompofe  this  fait  very  readily.  By  diddling  two  parts  of  cor- 
rofive mercurial  fublimate  with  one  of  bifmuth,  we  obtain  a thick  fluid  lubdance, 
which  congeals  into  a kind  of  greafy  mafs  that  melts  on  being  expofed  to  heat, 
and  yields  a precipitate  when  plentifully  walked  : in  a word,  this  compound  is 
folid  marine  fait  of  bifmuth.  Doli,  quoted  by  Fourcroy,  who  has  given  an  ac- 
count of  this  procefs  in  the  Hidory  of  the  Academy  for  the  year  1713,  tells 
us,  that  when  this  butter  of  bifmuth  is  feveral  times  fublimed,  there  remains 
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in  the  veffel  a powder  coloured  like  oriental  pearls,  very  foft  and  gluey  : he  pro- 
pofes  the  ufe  of  this  powder  in  painting. 

When  twelve  ounces  of  antimony  are  completely  mixed  with  two  pounds  of 
corrofive  mercurial  fublimate,  the  mixture  gives  out  heat;  a circumftance  which 
proves  that  thefe  two  bodies  adt  rapidly  on  each  other.  On  diddling  this  mix- 
ture by  a moderate  heat,  we  obtain  a thick  liquor  which  is  fixed  in  the  receiver, 
and  often  even  in  the  neck  of  the  retort,  into  a white  mafs  called  butter  of 
antimony.  The  quantity  of  this  fublimated  marine  combination  of  antimony  is 
commonly  fixteen  ounces  and  a few  drams.  The  refidue  confifts  of  mercury 
and  a gray  powder  of  antimony,  which  fwims  on  the  furfaceof  the  metallic  fluid. 
On  continuing  the  diftillation  after  the  butter  of  antimony  has  paffed  into  the  re- 
ceiver, and  ufing  a new  receiver,  vve  obtain  running  mercury  ; but  it  is  conta- 
minated with  a little  of  the  butter  of  antimony,  as  that  fubftance  cannot  be  en- 
tirely take-n  away  from  the  neck  of  the  retort.  Mr.  Baume,  who  has  given  a 
good  account  of  this  operation,  fays,  that  by  this  procefs  twenty-two  ounces  of 
running  mercury  may  be  obtained,  one  ounce  of  antimony  in  powder  mixed  with 
mercury,  and  fix  drams  twenty-four  grains  of  antimony  fufed  in  the  retort.  The 
antimony  is  partly  calcined  : it  affords  a red  and  partly  white  calx  which  is  fub- 
limed.  In  this  inftance,  the  antimony  is  calcined  by  the  vital  air  feparated 
from  the  mercurial  calx,  and  combines  with  -the  muriatic  acid  to  form  butter  of 
antimony.  This  decompofition  likewife  takes  place  when  crude  antimony  is  em- 
ployed. By  diftilling  one  part  of  that  mineral  in  powder,  with  two  parts  of 
corroflve  mercurial  fublimate,  fublimated  muriate  of  antimony  is  obtained  ; but 
the  refidue,  inftead  of  containing  running  mercury,  is  a combination  of  mercury 
with  fulphur.  That  combination  may  be  fublimed  by  a very  ftrong  heat  into- 
red  needles,  which  are  improperly  called  cinnabar  of  antimony. 

Sublimed  butter  of  antimony,  or  the  combination  of  the  aerated  marine  acid 
with  antimony,  is  not  produced  unlefs  when  the  femi- metal  attracts  from  the 
mercury  the  vital  air  which  it  contains ; as  has  been  already  obferved  of  arfenic. 
This  compound  is  in  a cryftalline  form.  It  cryftallizes  into  very  large  parallele- 
pipeds. It  is  fo  cauftic  that  it  inflantly  deft  toys  our  organs,  and  burns  vegetable 
matters.  It  is  very  liable  to  alteration  by  the  contact  of  light.  It  melts  with 
the  moft  moderate  heat,  and  becomes  fixed  by  cooling  : it  is  this  property  which 
has  procured  it  the  name  of  butter  of  antimony.  It  readily  lofes  its  whitenefs, 
and  becomes  coloured.  It  may  be  rectified  by  diftillation.  It  attracts  the  moif- 
ture  of  the  atmofphere,  by  which  it  is  again  diffolved  into  a thick  and  feem- 
ingly  oleaginous  fluid  : in  water  it  is  diffolved  only  in  part ; for  the  greateft 
portion  of  it  is  deeompofed  by  that  fluid.  When  butter  of  antimony  is  call;  in- 
to diftilled  water,  it  immediately  gives  a very  copious  precipitate,  which  is  com- 
monly called  emetic  powder,  or  powder  of  algaroth,  from  the  name  of  an  Ita- 
lian phylician  who  ufed  it  as  a medicine.  It  has  likewife  been  improperly 
called  mercury  of  life.  This  precipitate  is  a calx  of  antimony  ftrongly  purga- 
tive and  emetic,  even  when  given  in  very  ftnall  dofes  of  three  grains  and  a half 
to  the  dofe.  In  order  to  render  it  very  pure,  it  muft  be  repeatedly  wafhed  in 
diftilled  water.  It  differs  in  pofleffing  thefe  properties  from  the  other  calces  of 
this  femi  metal,  which  are  far  from  adting  in  fo  energetic  a manner  on  the  animal 
oeconomy.  A portion  of  this  calx  is  diffolved  in  the  water,  in  which  butter  of 
antimony  is  walhed,  by  means  of  the  acid  which  mixes  with  the  fluid.  We 
have  an  opportunity  of  obferving  this  fadt  on  pouring  a little  alkali  into  that  li- 
quor : 
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qw or  : a white  precipitate  is  produced  in  confiderable  abundance ; and  butter  cf 
antimony  therefore  appears  to  owe  its  property  of  being  decompofable  in  water 
to  its  containing  an  excefs  of  this  calx  ; and  its  forming  into  a folid  mafs  may 
be  attributed  to  the  fame  caufe.  Sublimed  butter  of  antimony  diffoives  with 
beat  and  effervefcence  in  the  nitrous  acid.  From  that  folution  there  is  difen- 
gaged -a  large  quantity  of  nitrous  air,  which  excites  a confiderable  motion  in 
the  mixture ; the  muriate  of  antimony  difappears,  and  the  liquor  appears  of  a 
reddilh  yellow  colour.  This  is  a folution  of  calx  of  antimony  in  the  nitro-mu- 
riatic  acid,  or  aqua  regia.  It  very  foon  depofits  the  calx  of  antimony  in  the 
form  of  a powder,  and  even  of  a white  magma. 

If  the  folution  of  butter  of  antimony  by  the  nitrous  acid  be  evaporated  to 
drynefs  as  foon  as  made,  it  yields  a very  white  calx  : this  is  diluted  with  ^quantity 
of  the  fame  acid  equal  to  its  own  weight,  and  again  evaporated  : the  powder  is 
yet  a third  time  mixed  with  the  fame  quantity  of  nitrous  acid,  and  evaporated 
to  drynefs:  it  is  then  treated  in  a crucible,  which  is  kept  red-hot  for  about  half 
an  hour,  and  after  that  fuffered  to  cool.  The  calx  now  taken  out  of  the  cru- 
cible is  white  above,  and  rofe-coloured  on  the  under  part.  The  two  portions 
are  then  mixed,  and  firm  by  their  mixture  what  is  called  bezoar- mineral. 
Macquer  confiders  this  medicine  as  a perfect  calx  of  antimony,  and  thinks  it  to 
be  the  fame  with  diaphoretic  antimony.  Lemery,  however,  who. has  giv'en  an. 
accurate  defeription  of  this  preparation,  advifes  us  to  calcine  it  till  it  have  fcarce 
any  acidity ; but  wifhing  It  to  retain  fome  acid,  which  muft  certainly  change  the. 
properties  of  the  calx  of  antimony. 

Corrofive  mercurial  fublimate  is  decompofed  by  fire,  as  has  been  afierted  by 
'Pott,  and  as  Fourcroy  found  by  repeated  experiments.  If  you  difl.il  in  a glafs 
retort  a mixture  confiding  of  two  parts  of  this  fait  with  one  of  zinc  in  filings,, 
or  coarfe  powder,  a white  and  folid  fait  afcendsfrom  the  mixture,  and  is  cryftaf- 
lized  in  fmall  needles  joined  together,  in  a form  refembling  the  little  bundles  of. 
which  ftala&ites  confift.  This  marine  combination  of  zinc  emits  a thin  fmoke. 
when  it  is  taken  out  of  the  receiver  : it  melts  by  a moderate  heat;  is  coloured 
by  inflammable  vapours ; and  laftly,  is  partly  decompofed  in  water  like  fubii- 
mated  butter  of  antimony. 

SUBLIMATE  RED.  See  Precipitate  Red.  If  a greater  heat  be  ap- 
plied to  red  precipitate  than  was  required  to  produce  the  red  colour,  it  becomes: 
decompofed,  and  the  produces  are  vital  air  and  running  mercury.  But  if  the 
application  of  the  heat  be  fudden,  the  red  compound  is  volatilized  for  the  moA 
part  without  decompofition.  This  has  been  called  red  fublimate;  but  it  is 
very  feldom  prepared  or  ufed. 

SUBLIMATE  SWEET,  or  mild  Mercurial-Calomel  of  the  London  Col- 
lege. The  moft  lingular  property  which  corrofive  mercurial  fublimate  exhibits 
in  regard  to  the  alterations  which  it  fuffers  from  metallic  fubftances,  as  well  as 
the  moft  important  property  which  it  poflefies,  is  its  power  of  combining  with 
running  mercury.  When  faturated  with  that  metallic  fluid,  it  lofes  moft  of  its 
properties,  particularly  its  tafte  and  folubility.  The  old  way  of  producing  this 
combination  was,  by  triturating  in  a glafs  mortar  corrofive  mercurial  fublimate 
with  running  mercury,  adding  the  mercury  by  degrees  till  it  refufed  to  unite 
with  the  mercurial  fublimate.  Lemery  and  Baume  have  obfervM,  that  the  fait 
takes  up  a quantity  of  mercury  equal  to  about  three-fourths  of  its  own  weight. 
The  mixture  was  then  put  into  fmall  phials,  two-thirds  of  each  of  them  being 
left  empty,  and  fublimated  three  times  fucceflively.  Care  was  taken  to  fepa- 
3 rate 
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rate  at  each  time  a white  powder,  which  is  found  above  the  fublimated  matter,  and 
is  very  corrofive.  This  product  is  called  fweet  fublimate,  mercurius  duftis,  or 
aqnila  alba.  Its  infipidity,  its  cryftalline  form,  and  its  being  almoft  totally  info- 
luble,  diftinguifii  it  from  corrofive  mercurial  fublimate.  The  cryftals  which  it 
affords  by  flow  fublimation  are  tetrahedral  prifms  terminating  in  four-fided  prifms. 
We  often  find  among  them  two  very  long  tetrahedral  pyramids,  joined  at  the 
bafe,  and  forming  very  acute  odtohedrons. 

The  procels  for  preparing  fweet  mercury  here  defcribed  is  attended  with  feveral 
inconveniences.  To  triturate  corrofive  mercurial  fublimate  with  running  mercury' 
till  the  mercury  be  entirely  confounded  with  the  mercurial  fait,  is  a very  te- 
dious and  a very  difficult  talk.  A very  minute  acrid  dull  arifes  from  the  mixture 
while  it  is  triturated  ; and  the  operator  muft  bind  a cloth  over  his  mouth  and  nofe 
to  fecure  himfelf  againft  the  dangerous  effeds  of  that  duft.  The  mercury  is 
never  entirely  incorporated  with  the  mercurial  fublimate  ; and  the  fublimation  is 
very  flow.  Baume  advifes  to  pour  a little  water  on  the  matters  as  they  are  tri- 
turated. That  fluid  affifts  the  trituration,  and  hinders  thefaline  duft  from  rifing. 
He  likewife  employs  levigation,  which  contributes  greatly  to  make  the  mercury 
incorporate  with  the  fait.  Laftly,  to  make  fure  of  obtaining  mild  mercurial 
fublimate,  without'the  leaft  mixture  of  corrofive,  Zwelfer,  Cartheufer  and  Baume 
propofe  to  pour  on  mild  mercurial  fublimate,  after,  it  has  been  once  fublimated,  a 
quantity  of  hot  water,  to  diffolve  the  corrofive  fublimate,  and  then  dry  the  fait, 
which  is  after  this  found  to  be  much  milder  than  before.  Cornette,  to  hinder  the 
volatilization  of  the  corrofive  mercurial  fublimate  triturated  with  the  mercuiy,  prr- 
pofes  to  make  ufe  of  nitrate  of  mercury  precipitated  by  ammoniac,  which  unites 
with  corrofive  mercurial  fublimate  much  more  readily  than  running  mercury.  But 
as  this  calx  is  not  fo  pure  as  mercury,  we  cannot  depend  fo  much  on  the  virtues  of 
the  preparation  into  which  it  enters.  Bailleau,  an  apothecary  in  Paris,  has-  given 
the  Royal  Society  of  Medicine  a procefs  for  preparing  mild  mercurial  fublimate, 
without  being  expofed  to  any  of  thofe  accidents  which  render  the  preparation  of 
it  in  the  common  way  fo  very  dangerous.  This  procefs  coniifts  in  forming  a pafte 
with  corrofive  mercurial  fublimate  and  water,  and  triturating  it  with  running 
mercury.  Half  an  hour’s  trituration  is  here  fufficient ; becaufe  the  water  con- 
tributes to  confound  the  two  fubftances  together.  The  procefs  ends  with  digeft- 
ing  the  mixture  on  a fand:bath  by  a moderate  heat ; the  matter  changes  its  ori- 
ginal gray  colour  for  white,  and  forms  a very  mild  mercurial  fublimate,  which 
needs  only  to  be  fublimed  in  order  that  it  may  be  perfectly  pure. 

Baume  has  made  feveral  experiments  on  mild  mercurial  fublimate.  He  has 
fhewn  that  it  cannot  receive  an  additional  quantity  of  mercury  ; and  that  it  cannot 
exift  in  a middle  date,  between  the  corrofive  and  the  mild  mercurial  fublimate. 
That  is  to  fay,  where  a fmaller  portion  of  mercury  is  mixed  with  the  corrofive 
mercurial  fublimate,  than  is  requifite  to  make  it  pafs  into  the  ftate  of  mild  mer- 
curial fublimate,  a portion  of  this  latter  fait  is  formed,  in  proportion  to  the 
quantity  of  the  mercury,  and  the  excefs  of  the  corrofive  fublimate  ; and  the  reft  of 
the  corrofive  mercurial  fublimate  is  volatilized  without  fuffering  any  alteration  of 
its  properties.  Thefe  two  compounds  are  ieparable  by  hot  water. 

From  the  refearches  of  the  fame  chemift  we  learn  further,  that  it  is  poffible 
to  change  the  mild  into  corrofive  mercurial  fublimate,  by  fublimating  it  with 
decrepitated  marine  fait  and  white  calcined  vitriol  of  iron.  In  this  operation  the 
muriatic  acid  being  difengaged,  and  aerated  by  the  fulphuric  acid,  unites 
with  the  mercurial  calx  of  the  mild  mercury,  and  converts  it  into  corrofive  fub- 
limate. 
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iimate.  Baume  is  convinced  that  mild  mercurial  fublimate  differs  greatly  from 
the  corrofive,  as  it  cannot  unite  with  fal  ammoniac  like  the  corrofive  mer- 
curial fublimate  in  the  formation  of  aiembroth  fait,  or  ammoniaco-mercurial 
muriate.  It  is  even  from  the  confideration  of  its  poffeffing  this  property,  that 
he  advifes  to  wafh  mild  mercurial  fublimate  with  water  impregnated  with  a little 
fal  ammoniac,  to  carry  off  all  the  corrofive  mercurial  fublimate  which  renders  that 
fait  fo  very  foluble.  Laftly,  he  has  difcovered  that  at  each  fublimation  mild 
mercurial  fublimate  lofes  a part  of  its  mercury,  and  affords  of  confequence  a cer- 
tain quantity  of  corrofive  mercurial  fublimate;  fo  that  by  repeated  fublimation 
mild  mercurial  fublimate  may  be  entirely  changed  into  corrofive.  From  this  laft 
fad  it  follows,  that  the  medicine  known  by  the  name  of  mercurial  panacea,  which- 
con  fids  of  mild  mercurial  fublimate  nine  times  fublimed,  is  fo  far  from  being 
rendered  milder  by  being  fo  often  fublimed,  as  moft  chemifts  and  phyficians 
think,  that  at  the  end  of  the  procefs  it  differs  in  no  refped  from  what  it  was  at 
firft.  A circumftance  attending  the  operation  may  be  confidered  as  a farther 
proof  of  this  affertion  ; at  each  fublimation  a fmall  quantity  of  white  powder 
which  rifes  is  firft  taken  off,  which  powder  is  nothing  but  corrofive  mercurial 
fublimate.  It  is  to  be  obferved,  that  there  remains  in  the  phials  a reddilh  pow- 
der, when  mild  mercurial  fublimate  is  prepared.  It  is  calx  of  iron  produced 
from  the  vitriol  of  iron,  which  is  employed  in  preparing  the  common  corrofive 
mercurial  fublimate.  Part  of  that  calx  afcends  with  the  fait  in  its  fublimation; 
nay,  the  mercurial  fait  in  vapour  is  often  found  to  carry  up  with  it  even  pieces 
of  glafs. 

Late  experiments  on  the  aerated  muriatic  acid  render  the  theory  of  the  for- 
mation of  mild  mercurial  fublimate  much  more  clear  and  intelligible  than  it  for- 
merly was.  It  has  been  proved  that  corrofive  mercurial  fublimate  is  a com- 
pound of  aerated  muriatic  acid  with  calx  of  mercury,  and  that  mild  mercurial 
fublimate  is  formed  by  the  common  muriatic  acid  with  the  fame  metallic  calx  : 
or,  what  amounts  to  the  fame  thing,  that  in  corrofive  fublimate  the  calx  is  much 
more  calcined  than  in  the  fublimate.  Thus,  when  running  mercury  is  triturated, 
with  corrofive  mercurial  fublimate,  the  mercury  feizes  the  excefs  of  vital  air  con- 
tained in  the  marine  acid,  or  in  the  former  mercurial  calx ; and  as  a larger  quan- 
tity of  mercurial  calx,  and  that  lefs  completely  calcined,  now  combines  with  the 
fame  quantity  of  marine  acid,  the  nature  of  the  fait  is  of  confequence  altered,  and 
it  becomes  lefs  faline,  more  infipid,  and  more  infoluble  : in  a word,  its.  qualities 
are  weakened  in  proportion  as  the  quantity  of  the  mercurial  calx  is  increafed. 

SUBLIMATF  )N  is  a procefs  by  which  volatile  fubftances  are  raifed  by  heat, 
and  again  condenfed  in  the  folid  form. 

This  operation  is  founded  on  the  fame  principles  as  diftillatiom,  and  its  rules 
are  the  fame,  as  it  is  nothing  but  a dry  distillation.  Therefore  all  that  has  been 
laid  on  the  article  Distillation  is  applicable  here,  efpecially  in  thofe  cafes 
where  fublimation  is  employed  to  fe.parate  volatile  fubftances  from  others  which 
are  fixed  or  lefs  volatile. 

Sublimation  is-  alfo  ufed  in  other  cafes  : for  inftance,  to  combine  volatile 
matters  together,  as  in  the  operation  of  the  fublimates  of  mercury ; or  to  colledt 
fome  volatile  fubftances,  as  the  acid  of  borax,  fulphur,  and  all  the  preparations 
called  flowers. 

The  apparatus  for  fublimation  is  very  fimple.  A matrafs  or  fmall  alembic 
is  generally  fufficient  for  the  fublimation  of  fmall  quantities  of  matter.  But  the 
veffels  and  the  method  of  managing  the  fire  vary  according  to  the  nature  of  the 
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matters  which  are  to  be  fublimed,  and  according  to  the  form  which  is  to  be  given 
to  the  fublimate. 

The  beauty  of  fome  fublimates  confifts  in  their  be  ing  compofed  of  very  fine* 
light  parts,  iuch  as  almoft  all  thofe  called  flowers ; as  flowers  of  fulphur,  of  ben- 
jamin, and  others  of  this  kind-.  When  the  matters  to  be  fublimed  are  at  the  fame 
time  volatile,  a high  cucurbit,  to  which  is  adapted  a capital,  and  even  feveral 
capitals  placed  one  upon  another,  are  employed.  The  fublimation  is  performed 
in  a fand-bath,  with  only  the  precife  degree  of  heat  requifite  to  raife  the  fubftance 
which  is  to  be  fublimed,  and  the  capitals  are  to  be  guarded  as  much  as  poffible 
from  heat.  The  height  of  the  cucurbit  and  of  the  capitals  fee  ms  well  contrived 
to  accomplifh  this  intention. 

When  along  with  the  dry  matter  which  is  to  be  collected  in  thefe  fublimations 
a certain  quantity  of  fome  liquor  is  railed',  as  happens  in  the  fublimation  of  acid  of 
borax,  and  in  the  rectification  of  volatile  concrete  alkali,  which  is  a kind  of  fub- 
limation, a paffage  and  a receiver  for  thefe  liquors  mirft  be  provided.  This  is 
conveniently  done  by  ufing  the  ordinary  capital  of  the  alembic,  furnifhed  with 
a beak  and  a receiver. 

Some  fublimates  are  required  to  be  in  maffes  as  folid  and  compact  as  their 
natures  allow.  Of  this  number  are  camphor,  fal  ammoniac,  and  all  the  fubli- 
mates of  mercury.  The  propereft  velfels  for  thefe  fublimations  are  bottles  or 
matraffes,  which  are  to  be  funk  more  or  lefs  deeply  in  fand,  according  to  the 
volatility  and  gravity  of  the  matters  that  are  to  be  fublimed.  In  this  manner  of 
fubliming,  the  fubftances  having  quitted  the  bottom  of  the  veffel,  adhere  to  its 
upper  part ; and  as  this  part  is  low  and  near  the  fire,  they  there  fuffer  a degree  of 
heat  (ufficient  to  give  them  a kind  of  fufion.  The  art,  therefore,,  of  conducing 
thefe  fublimations,  confifts  in  applying  fetch  a dtegree  of  heat,  or  in  fo  difpofing 
the  fand  (that  is,  making  it  cover  more  or  lefs  the  matrafs),  that  the  heat  in  the 
upper  part  of  the  matrafs  (hall  be  fufficient  to  make  the  fublimate.  adhere  to  the 
glafs,  and  to  give  it  luch  a degree  of  fufion  as  is  neceffary  to  render  it  compafl ; 
but  at  the  fame  time  this  heat  muft  not  be  fo  great  as  to  force  the  fublimate  through 
the  neck  of  the  matrafs,  and  diffipate  it.  Thefe  conditions  are  not  eafily  to  be 
attained,  efpecially  in  great  works. 

Many  fubftances  maj  be  reduced  into  flowers,  and  fublimed  ; but  which  re- 
quire for  this  purpofe  a' very  great  heat,  with  the  adeefs  of  free  air,  and  even  the 
contadl  of  coals,  and  therefore  cannot  be  fublimed  in  clofe  veffels.  Such  are  moft 
foots. or  flowers  of  metals,  and  even  fome  faline  fubftances.  When  thefe  fubli- 
mates are  required,  the  matters  from  which  they  are  to  be  feparated  muft  be  placed 
among  burning  coals  in  open  air;  and  the  flowers  are  colleded  in  the  chimney 
-of  the  furnace  in  which  the  operation  is  performed.  The  tutty,  calamine,  or 
pompholix,  collected  in  the  upper  part  of  furnaces  in  which  ores  arc  fmelted,  are 
fublimates  of  this  kind. 

SUGAR  is  a conftituent  part  of  vegetables,  exifting  in  confiderable  quantities 
in  a number  of  plants.  It  is  afforded  by  the  maple,  the  birch,  wheat,  and  Turkey 
corn.  Margraaf  obtained  it  from  the  roots  of  beet,  red  beer,  fkirret,  parlheps, 
and  dried  grapes.  The  procefs  of  this  chemift  confifted  in  dige-fting  thefe  root-s, 
rafped  or  finely  divided,  in  alcohol.  This  fluid  diflolves  the  fugar ; and  leaves 
the  extractive  matter  untouched,  which  falls  to  the  bottom. 

In  Canada  the  inhabitants  extract  fugar  from  the  maple  (acer  montanum  can- 
didum).  At  the  commencement  of  fpring  they  heap  fnovv  in  the  evening  at  the 
loot  of  the  tree,,  in  which  they  previoufly  make  apertures  for  the  paffage  of  the 
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returning  fa p.  Two  hundred  pounds  of  this  juice  afford  by  evaporation  fifteen 
of  a brownifh  fugar.  The  quantity  prepared  annually  amounts  ;to  fifteen  thou- 
fand  weight. 

Dr.  Rufh,  in  the  Tranfa&ions  of  the  American  Philofophical  Society,  vol.  iii. 
has  given  an  account  at  length  of  the  fugar  maple -tree,  of  which  the  following  is 
a fhort  abftraft  : 

The  acer  faccharinum  of  Linne,  or  fugar  maple -tree,  grows  in  great  quantities 
in  the  weftern  counties  of  all  the  middle  ltates  of  the  American  union.  It  is  as 
tall  as  the  oak,  and  from  two  to  three  feet  in  diameter ; puts  forth  a white  blof- 
fom  in  the  fpring,  before  any  appearance  of  leaves : its  fmall  branches  afford 
fuftenance  for  cattle,  and  its  allies  afford  a large  quantity  of  excellent  pot-alb. 
Twenty  years  are  required  for  it  to  attain  its  full  growth.  Tapping  does  not  in- 
jure it;  but  on  the  contrary  it  affords  more  fyrup,  and  of  a better  quality,  the 
oftener  it  is  tapped.  A fingle  tree  has  not  only  furvived,  but  flourifhed,  after 
tapping  for  forty  years.  Five  or  fix  pounds  of  fugar  are  ufually  afforded  by  the 
fap  of  one  tree  ; though  there  are  inftances  of  the  quantity  exceeding  twenty 
pounds.  The  fugar  is  feparated  from  the  fap  either  by  freezing,  by  fpontaneous 
evaporation,  or  by  boiling.  The  latter  method  is  the  moifufed.  Dr.  Rufh  defcribes 
the  procefs;  which  is  fimple,  and  pradifed  without  any  difficulty  by  the  farmers. 

From  frequent  trials  of  this  fugar,  it  does  not  appear  to  be  in  any  refped  in- 
ferior to  that  of  the  Weft  Indies.  It  is  prepared  at  a time- of  the  year  when 
neither  infed,  nor  the  pollen  of  plants,  exifts  to  vitiate  it,  as  is  the  cafe  with 
common  fugar.  From  calculations  grounded  on  exifting  fads,  it  is  afccrtained, 
that  America  is  now  capable  of  producing  a furplus  of  one  eighth  more  than  its 
own  confumption  ; that  is,  on  the  whole,  about  135,000,000  pounds ; which  in 
the  country  may  be  valued  at  fifteen  pounds  weight  for  one  dollar. 

The  Indians  likewife  extrad  fugar  from  the  pith  of  the  bamboo. 

But  the  fugar  which  is  fo  universally  ufed  is  afforded  by  the  fugar-cane  (arundo 
faccharifera),  which  is  raifed  in  our  colonies.  When  this  plant  is  ripe,  it  is  cut 
down,  and  crulhed  by  palling  it  between  iron  cylinders,  placed  perpendicularly, 
and  moved  by  water  or  animal  ftrength.  The  juice  which  flows,  out  by  this 
ftrong  preflure  is  received  in  a fhallow  trough  placed  beneath  the  cylinder.  This 
juice  is  called  in  the  French  fugar-colonies  vefou ; and  the  cane,  after  having 
undergone  this  preflure,  is  called  begafle.  The  juice  is  more  or  lefs  faccharine, 
according  to  the  nature  of  the  foil  on  which  the  cane  fras  grown,  and  the  weather 
that  has  predominated  during  its  growth.  It  is  aqueous  when  the  foil  or  the 
weather  has  been  humid;  and  in  contrary  circumftances  it  is  thick  and  glutinous. 

The  juice  of  the  cane  is  conveyed  into  boilers,  where  it  is  boiled  with  wood 
allies  and  lime.  It  is  fubjedled  to  the  fame  operation  in  three  feveral  boilers,  care 
being  taken  to  remove  the  fcum  as  it  rifes.  In  this  ftate  it  is  called  fyrup ; and 
is  again  boiled  with  lime  and  alum  till  it  is  fufficiently  concentrated,  when  it  is 
poured  into  a veflel  called  the  cooler.  In  this  veffel  it  is  agitated  with  wooden 
ftirrers,  which  break  the  cruft  as  it  forms  on  the  furface.  It  is  afterwards  poured 
into  calks,  to  accelerate  its  cooling ; and  while  it  is  ftill  warm,  it  is  conveyed  into 
barrels  Handing  upright  over  a ciftern,  and  pierced  through  their  bottom  with 
feveral  holes  flopped  with  cane.  The  fyrup  which  is  not  condenfed  filters  through 
thefe  canes  into  the  ciftern  beneath  ; and  leaves  the  fugar  in  the  ftate  called  coarfc 
fugar,  or  mufcovado.  This  fugar  is  yellow  and  fat,  and  is  purified  in  the  iflands 
jnthe  following  manner  : The  fyrup  is  boiled,  and  poured  into  conical  earthen 
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veffels,  having  a fmall  perforation  at  the  apex,  which  is  kept  clofed.  Each 
cone,  reverfed  on  its  apex,  is  fupported  in  another  earthen  veffel.  The  fyrup 
is  ftirred  together,  and  then  left  to  cryftallize.  At  the  end  of  fifteen  or  fixteen 
hours,  the  hole  in  the  point  of  each  cone  is  opened,  that  the  impure  fyrup  may 
run  out.  The  bafe  of  thefe  fugar  loaves  is  then  taken  out,  and  white  pulverized 
lugar  fubftituted  in  its  Head  ; which  being  well  preffed  down,  the  whole  is  co- 
vered with  clay,  moiftened  with  water.  This  water  filters  through  the  mafs, 
carrying  the  fyrup  with  it  which  was  mixed  with  the  fugar,  but  which  by  this 
management  flows  into  a pot  fubftituted  in  the  place  of-  the  fir  ft.  This  fecond 
fluid  is  called  fine  fyrup.  Care  is  taken  to  moiften  and  keep  the  clay  to  a pro- 
per degree  of  foftnefs,  as  it  becomes  dry.  The  fugar  loaves  are  afterwards  taken 
out,  and  dried  in  a ftove  for  eight  or  ten  days ; after  which  they  are  pulverized, 
packed,  and  exported  to  Europe,  where  they  are  ftill  further  purified; 

The  operation  of  the  French  fugar  refiners  confifts  in  dilTolving  the  caffonade, 
or  clayed  fugar,  in  lime  water.  Bullocks  blood  is  added,  to  promote  the  clari- 
fying,- and,  when  the  liquor  begins  to  boil,  the  heat  is  diminifhed,  and  the 
fcum  carefully  taken  off.  It  is  in  the  next  place  concentrated  by  a brifk  heat ; 
and,  as  it  boils  up,  a fmall  quantity  of  butter  is  thrown  in,  to  moderate  its  agi- 
tation. When  the  boiling  is  fufficiently  effected,  the  fire  is  put  out  ; the  liquor 
is  poured  into  moulds,  and  agitated,  to  mix  the  Fyrup  together  with  the  grain  fu- 
gar already  formed.  When  the  whole  is  cold,  the  moulds  are  opened,  and  the 
loaves  are  covered  with  moiftened  clay,  which  is  renewed  from  time  to  time  till  the 
fugar  is  well  cleanfed  from  its  fyrup.  The  loaves  being  then  taken  out  of  the 
moulds,  are  carried  to  a ftove,  where  they  are  gradually  heated  to  the  fiftieth 
degree  of  Reaumur.  They  remain  in  this  ftove  eight  days,  aftet  which  they-  arc 
wrapped  in  blue  paper  for  fale. 

The  feveral  fyrups,  treated  by  the  fame  methods,  afford  fugars  of  inferior 
qualities  ; and  the  laft  portion,  which  no  longer  affords  any  cryftals,  is  fold  by 
the  name  of  melafl'es.  The  Spaniards  ufe  this  melaffes  in  the  preparation  of 
fvveet-meats. 

A folution  of  fugar,  much  lefs  concentrated  than  that  we  have  juft  been 
fpeaking  of,  lets  fall  by  repofe  cryftals  which  affeCt  the  form  of  tetrahedral 
prifms,  terminated  by  dihedral  fummits,  and  known  by  the  name  of  fugar- 
candy. 

The  preceding  account  of  the  manufacture  of  fugar  in  the  colonies  is  chiefly 
extracted  from  Chaptal.  The  following  more  ample  account  is  taken  from 
Edwards’s  Hiftory  of  the  Weft  Indies,  the  authority  of  which  is  indubitable.  For 
the  fake  of  concifenefs  I have  availed  myfelf  of  the  Abridgmentjately  publifhed, 
which  appears  to  be,  faithfully  done. 

The  botanical  name  of  the  fugar-cane  is  arundo  faccharifera.  It  is  a jointed 
reed,  which  terminates  in  leaves  or  blades,  whofe  edges  are  finely  and  fharply 
ferrated.  The  body  of  the  cane,  though  brittle,  is  ftrong,  and,  when  ripe,  is  of 
a . fine  ftraw  colour  inclinable  to  yellow.  It  likewife  contains  a foft  pithy 
fubftance,  which  is  replete  with  juice  of  a moft  agreeable  tafte.  The  general 
diftance  between  each  joint  of  the  cane,  is  from  one  to  three  inches  in  length, 
and  from  half  an  inch  to  an  inch  in  diameter ; and  the  general  height,  (the  flag 
part  being  excluded)  is  from  three  feet  and  a half  to  feven  feet.  In  very  rich 
lands,  too,  the  (tool  or  root  has  been  known  to  put  forth  upwards  of  one  hun- 
dred fuckers  or  fhoots. 
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To  bring  a plant  of  this  rank  and  fucculent  nature  to  perfection,  no  land  can 
be  too  rich  ; and  the  a(hy  loam  of  St.  Chriftopher’s  appears  to  be  the  belt  foil 
hitherto  known,  for  the  production  of  fugar  of  the  fineft  quality,  and  in  the 
largeft  proportion.  The  next  to  this  in  excellence  is  the  foil  which  in  Jamaica 
is  called  brick-mould.  It  is  a deep,  warm,  and  mellow,  hazel  earth,  which  is 
cafily  worked,  and  which  in  the  wetteft  feafon  feldom  requires  trenching.  In  a 
very  fine  feafon,  plant-canes  (which  are  thofe  of  the  firft  growth)  have  been 
known,  in  this  foil,  to  yield  two  tons  and  a half  of  fugar  per  acre.  The  black 
mould  of  feveral  varieties  may  be  reckoned  after  this.  The  belt  is  the  deep 
black  earth  of  Barbadoes,  Antigua,  and  fome  other  of  the  windward  illands ; 
but  there  is  a fpecies  of  this  mould  in  Jamaica,  that  is  perhaps  not  in  the  leaft 
inferior  to  it,  which  abounds  with  lime-ftone  and  flint,  on  a fubftratum  of  foapy 
marie.  Black  mould  on  clay  is  more  common;  and,  when  properly  pulverized 
and  manured,  becomes  very  productive,  and  may  be  faid  to  be  inexhaufxible. 
But  there  are  few  foils  that  produce  a greater  return  of  refined  fugar,  than  a pe- 
culiar fort  of  land  on  the  north  fide  of  Jamaica,  and  particularly  in  the  parifli 
of  Trelawney.  This  land  is  generally  of  a red  colour,  is  every  where  remark- 
able when  firft  turned  up  for  a glofly  furface,  and,  when  wetted,  ftains  the  fingers 
like  paint.  It  appears  to  confift  of  a native  earth  or  pure  loam,  with  a mixture 
of  clay  and  fand  ; and  though  deep,  it  is  by  no  means  heavy,  and  is  naturally 
dry.  Hence,  as  its  fertility  is  deftroyed  when  too  much  expofed.to  the  burning 
influence  of  a tropical  fun,  the  fyftem  of  hufbandry,  where  this  foil  abounds, 
chiefly  depends  on  what  is  called  ratoon  canes.  Ratoons  are  the  fuckers  that 
fpring  from  the  roots  or  Holes  of  the  canes  that  have  been  previoufly  cut  for 
fugai,  and  are  generally  ripe  in  twelve  months.  Plant  canes,  or  canes  of  the 
firft  growth,  are  the  immediate  produce  of  the  original  germs  placed  in  the 
ground,  and  require  from  fifteen  to  feventeen  months  to  bring  them  to  maturity. 
The  firft  yearly  returns  from  their  roots  are  called  firft  ratoons,  the  fetond  year’s 
growth  fecond  ratoons,  and  fo  on,  according  to  their  age.  The  common  yield- 
ing too  of  this  cane-land,  on  an  average,  is  feven  hoglheads.of  16  cwt.  to  ten 
acres,  which  are  cut  every  year. 

The  crop  time  in  the  fugar  iflands  is  the  feafon  of  feftivity,  both  to  man  and 
beaft;  for  fo  agreeable  to  the  tafte,  and  fo  nourifhing  to  the  corporeal  frame,  is 
the  juice  of  the  cane,  that  every  animal  derives  health  and  vigour  from  its  ufe. 
Such  of,  the  negroes  as  were  meagre  and  ficklv,  become  furprifingly  altered 
for  the  better  in  a few  weeks  after  the  mill  is  fet  in  adion.  The  labouring 
horfe's,  oxen,  and  mules,  though  almoft  conftantly  at  work  during  this  feafon, 
yet,  in  confequence  of  eating  plentifully  of  the  green  tops  of  this  invigorating 
plant,  and  being  indulged  with  fome  of  the  fcummings  from  the  boiling-houfe, 
improve  more  than  at  any  ether  period  of  the  year.  Eve.n  pigs  and  poultry  fat- 
ten on  the  refufe.  In  fhort,  during  crop-time,  plenty  and  induftrious  cheerful- 
nefs  every  where  prevail  in  fuch  a high  degree  on  a well-regulated'  plantation, 
as  confiderably  toftften  the  hardfhips  of  flavery,  and  induce  an  impartial  fpec- 
tator  to  conclude,  that  the  miferies  of  life  are  fometim-s  exaggerated  through  the 
delufive  medium  of  fancy. 

Such  planters  as  are  not  fortunately  furniflied  with  the  means  of  grinding 
their  canes  by  water,  are  at  this  feafon  frequently  impeded  by  the  failure  or  in- 
fufficiency  of  their  mills ; for  though  a fugar-mill  is  a very  Ample  contrivance, 
yet  great  force  is  requifite  to  make  it  vanquifli  the  refiftance  which  it  neceflarily 
meets  with.  It  principally  confifts  of  three  upright  iron  rollers  or  cylinders, 
from  thirty  to  forty  inches  in  length,  and  from  twenty  to  twenty-five  inches 
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in  diameter  ; and  the  middle  one,  to  which  the  moving  power  is  applied,  turns 
the  other  two  by  means  of  cogs.  The  canes,  which  are  previoufly  cut  ftiort  and 
tied  into  bundles,  are  twice  compreffed  between  thefe  rollers;  for  after  they  have 
pafled  through  the  firft  and  fecond  rollers,  they  are  turned  round  the  middle  one 
by  a piece  of  frame-work  of  a circular  form,  which  is  called  in  Jamaica  the 
dumb- returner,  and  forced  back  through  the  fecond  and  third.  By  this  opera- 
tion  they  are  fqueezed  completely  dry,  and  fometimes  even  reduced  to  powder. 
The  cane-juice  is  received  in  a leaden-bed,  and  thence  conveyed  into  a veffel 
called  the  receiver.  The  refufe,  or  macerated  rind  of  the  cane,  which  is  called 
cane-trafh,  ferves  for  fuel  to  boil  the  liquor. 

The  juice  from  the  mill  ufually  contains  eight  parts  of  pure  water,  one  part  of 
fugar,  and  one  part  made  up  of  grofs  oil,  and  mucilaginous  gum,  with  a portion 
of  effential  oil.  The  proportions  are  taken  at  a medium  ; for  fome  juice  has 
been  fo  rich  as  to  make  a hogfhead  or  lixteen  hundred  weight  of  fugar  from  thir- 
teen hundred  gallons,  and  fome  is  fo  watery  as  to  require  more  than  double  that 
quantity.  The  richer  the  juice  is,  the  lefs  it  abounds  with  redundant  oil'  and 
gum  j fo  that  very  little  knowledge  of  the  contents  of  any  other  quantity  can 
be  obtained  by  the  mbft  exaeft  analyfis  of  any  one  quantity  of  juice. 

The  following  matters  are  likewife  ufually  contained  in  cane-juice.  Some  of 
the  green  tops,  which  ferve  to  tie  the  canes  in  bundles,  are  often  ground  in,  and 
yield  a raw  acid  juice  exceedingly  difpofed  to  ferment  and  render  the  whole 
liquor  four.  Befides  thefe  they  grind  in  fome  pieces  of  the  ligneous  part  of  the 
cane,  fome  dirt,  and  iaftly,  a fubftance  of  fome  importance,  which  may  be 
called  the  cruft.  This  fubftance  is  a thin  black  coat  of  matter  that  furrounds 
the  cane  between  the  joints,  beginning  at  each  joint,  and  gradually  growing 
thinner  the  farther  from  the  joint  upwards,  till  the  upper  part  between  the  joints 
appears  entirely  free  from  it,  and  refumes  its  bright  yellow  colour.  It  is  a fine 
black  powder,  that  mixes  with  the  clammy  exudations  from  the  cane;  and  as 
the  fairnefs  of  the  fugar  is  one  lymptom  of  its  goodnefs,  a fm&ll  quantity  of 
this  cruft  muft  very  much  prejudice  the  commodity. 

The  fugar  is  obtained  by  the  following  procefs  : The  juice  or  liquor  runs 
from  the  receiver -to  the  boiling- houfe,  along  a wooden  gutter  lined  with  lead. 
In  the  boiling-houfe,  it  is  received  into  one  of  the  copper  pans  or  cauldrons 
called  clarifiers.  Of  thefe  there  are  generally  three  ; and  their  dimenfions  are 
determined  by  the  power  of  fupplying  them  with  liquor.  There  are  water- 
mills that  will  grind  with  great  facility  fufficient  for  thirty  hogfhea-ds  of  fugar 
in  a week.  Methods  of  quick  boiling  cannot  be  difpenfed  with  on  plantations 
thus  fortunately  provided  ; for  otherwife  the  cane  liquor  would  unavoidably  be- 
come tainted  before' it  could  be  expofed  to  the  fire.  The  pureft  cane-juice  will 
not  remain  twenty  minutes  in  the  receiver  without  fermenting.  Hence,  clarifi- 
ers are  fometimes  feen  of  one  thoufand  gallons  each.  But  on  plantations  that 
during  crop  time  make  from  fifteen  to  twenty  hdgfheads  of  fugar  a week,  three 
clarifiers  of  three  or  four  hundred  gallons  each  are  fufficient.  The  liquor, 
when  clarified,  may  be  drawn  off  at  once,  with  pans  of  this  fize,  and  there  is 
leifure  to  cleanfe  the  veflels  every  time  they  are  ufed.  Each  clarifier  is  furnifhed 
either  with  a fyphon  or  cock  for  drawing  oft'  the  liquor.  It  has  a flat  bottom, 
ancl  is  hung  to  a feparate  fire,  each  chimney  having  an  iron  Aider,  which,  when 
fhut,  caufes  the  fire  to  be  extinguilhed  through  want  of  air  *. 

As 

*The  clarifiers  are  generally  placed  in  the  middle  or  at  one  end  of  the  boiling-houfe.  When  they 
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As  foot)  as  the  ftream  from  the  receiver  has  filled  the  clarifier  with  frefh  li- 
quor, and  the  fire  is  lighted,  the  temper,  which  is  generally  Sriftol  white-lime 
in  powder,  is  ftirred  into  it.  This  is  done,  in  order  to  neutralize  the  fupera- 
bundant  acid,  and  to  get  rid  of  which  is  the  great  difficulty  in  fu gar- making. 
Alkali,  or  lime,  generally  effe&s  this  ; and  at  the  fame  time  part  of  it  is  faid  to 
become  the  bafis  of  the  fugar.  Mr.  Edwards  affirms  that  it  affeds  both  the  fmell 
and  tafte  of  the  fugar.  It  falls  to  the  bottom  of  the  pans  in  a black  infoluble  matter, 
which  fcorches  the  bottom  of  the  veffels,  and  cannot  without  difficulty  be  de- 
tached from  them.  But  in  order  that  lefs  of  the  lime  may  be  precipitated  to  the 
bottom,  little  more  than  half  a pint  of  Briftol  lime  fhould  be  allowed  to  every 
hundred  gallons  of  liquor,  and  Mr.  Boufie’s  method  of  diffolving  it  in  boiling 
water  previous  to  mixing  it  with  the  cane-juice  fhould  be  adopted  *. 

As  the  force  of  the  fire  increafes,  and  the  liquor  grows  hot,  a fcum  is  thrown 
up,  which  is  formed  of  the  gummy  matter  of  the  cane,  with  fome  of  the  oil, 
and  fuch  impurities  as  the  mucilage  is  able  to  entangle.  The  heat  is  now  fuf- 
fered  to  increafe  gradually  till  it  nearly  rifes  to  the  heat  of  boiling  water.  The 
liquor,  however,  mud  by  mo  means.be  differed  to  boil.  When  the  fcum  begins 
to  rife  into  bliffcers,  which  break  into  white  froth,  and  generally  appear  in  about 
forty  minutes,  it  is  known  to  be  Efficiently  heated.  Then  the  damper  is  ap- 
plied,  and  the  fire  extinguifhed  ; and  if  circumftances  will  admit,  the  liquor  af- 
ter this  is  differed  to  remain  a full  hour  undifturbed.  In  the  next  place,  it  is  care- 
fully drawn  off,  either  by  a fyphon,  which  draws  up  the  clear  fluid  through 
the  fcum,  or  by  means  of  a cock  at  the  bottom.  In  either  cafe,  the  fcum 
finks  down  without  breaking  as  the  liquor  flows;  for  its  tenacity  prevents  any 
admixture.  The  liquor  is  received  into  a gutter  or  channel,  which  conveys  it 
to  the  evaporating  boiler,  commonly  called  the  grand  copper,  and  if  produced, 
at  fil'd  from  good  and  untainted  canes,  it  will  then  appear  almod  tranfparent. 

In  the  grand  or  evaporating  copper,  which  fhould  be  Efficiently  large  to  re- 
ceive the  net  contents  of  one  of  the  clarifiers,  the  liquor  is  fuffered  to  boil,  and 
the  fcum,  as  it  rifes,  is  continually  taken  off  by  large  fcummers,  till  the  liquor 
becomes  finer  and  fomewhat  thicker.  This  operation  is  continued  till  the  fub- 
ject  is  fo  reduced  in  quantity,  that  it  may  be  contained  in  the  next  or  fecond 
copper,  into  which  it  is  then  laded.  The  liquor  is  now  almod  of  the  colour  of 
Madeira  wine.  In  the  fecond  copper  the  boiling  and  fcumming  are  continued  j 
and  if  the  fubjedf  is  not  fo  clean  as  is  expected,  lime-water  is  thrown  into  it. 
'This  addition  not  only  ferves  to  give  more  temper,  but  likewife  to  dilute  the 
liquor,  which  fometimes  thickens  too  fad  to  permit  the  feculencies  to  rife  in  the 
fcum.  When  the  froth,  in  boiling  arifes  in  large  bubbles,  and  is  not  much  dif- 
are placed  at  one  end,  the  boiler  called  the  teache  is  placed  at  the  other,  and  three  boilers  are  ufually 
ranged  between  them.  The  teache  commonly  holds  from  70  to  100  gallons,  and  thp  boilers  between- 
the  clarifiers  and  teache  diminifh  in  fize  from  the  firft  to  the  laft.  But  when  the  clarifiers  are  in  the 
middle,  there  is  generally  a fet  of  three  boilers  on  each  fide,  which  in  effedd  form  a double  boiling- 
houfe.  This  arrangement  is  very  neceffary  on  large  edates. 

* Mr.  Boufie,  to  whom,  for  his  improvements  in  the  art  of  fugar-boiling,  the  Alfembly  of  Jamaica 
gave  ijoool.,  in  a paper  which  he  didributed  among  tire  members  recommends  the  ufe  of  a ve- 
getable alkali,  or  allies  of  wood,  fuch  as.  pimento  tree,  dumb  cane,  fern  tree,  cafhew  or  logwood, 
as  affording  a better  temper  than  quick-lime.  Afterwards,  however,  he  was  convinced  that  fugar 
formed  on  the  bafis  of  fixed  alkaline  falts  never  (lands  the  fea,  unlefs  fome  earth  is  united  to  the  falts. 
Such  earth  as  approaches  neared,  to  the  bafis  of  alum,  Mr.  Edwards,  thin  leg,  would  be  mod  proper; 
and  it  deferves  to  be  inquired  how  far  a proper  mixture  of  vegetable  alkaline  falts  and  lime  mio-ht 
prove  a better  temper  than  either  lime  or  alkaline  falts  alone.  In  fome  parts  of  Jamaica,  where  the 
canc-liquor  was  exceedingly  rich,  Mr.  Boufie  made  very  good  fugar  without  a particle  of  temper. 
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coloured,  the  liquor  is  laid  to  have  a favourable  appearance  in  the  fecond  copper. 
When  in  confequence  of  fuch  fcumming  and  evaporation,  the  liquor  is  again  fo 
reduced  that  it  may  be  contained  in  the  third  copper,  it  is  laded  into  it,  and  fo 
on  to  the  laft  copper,  which  is  called  the  teache.  This  arrangement  fuppofes 
four  boilers  or  coppers,  befides  the  three  clarifiers. 

In  the  teache  the  fubjed  undergoes  another  evaporation,  till  it  is  fuppofed 
boiled  enough  to  be  removed  from  the  fire.  This  operation  is  ufually  called 
ftriking,  i.  e.  lading  the  liquor,  which  is  now  exceeding  thick,  into  the 
cooler. 

The  cooler,  of  which  there  are  generally  fix,  is  a fhallow  wooden  veffel,  about 
eleven  inches  deep,  feven  feet  in  length,  and  from  five  to  fix  feet  wide.  A cooler 
of  this  fize  holds  a hogfhead  of  fugar.  Here  the  fugar  grains,  i.  e.  as  it  cools,  it 
runs  into  a coarfe  irregular  mafs  of  imperfed  cryftais,  feparating  itfelf  from 
the  melafles.  From  the  cooler  it  is  taken  to  the  curing-houfe,  where  the  melafles 
drains  from  it*. 

But  here  it  may  be  proper  to  notice  the  rule  for  knowing  when  the  fubjed  is 
fit  to  be  laded  from  the  teache  to  the  cooler.  Many  of  the  negro  boilers,  from 
long  habit,  guefs  accurately  by  the  eye  alone,  judging  by  the  appearance  of  the 
grain  on  the  back  of  the  ladle;  but  the  pradice  generally  adopted  is  to  judge  by 
what  is  called  the  touch,  i.  e.  taking  up  with  the  thumb  a fmall  portion  of  the 
hot  liquor  from  the  ladle,  and,  as  the  heat  diminifhes,  drawing  with  the  fore- 
finger the  liquid  into  a thread.  This  thread  will  fuddenly  break  and  flirink  from 
the  thumb  to  the  fufpended  finger,  in  different  lengths,  according  as  the  liquor 
is  more  or  lefs  boiled.  A thread  of  a quarter  of  an  inch  long  generally  deter- 
mines the  proper  boiling  height  for  ftrong  mufcovado  fugar-j«. 

The  curing-houfe  is  a large  airy  building,  provided  with  a capacious  melaffes 
ciftern,  the  fides  of  which  are  doped  and  lined  with  terras,  or  boards.  A frame 
of  maffy  joilt-work  without  boarding  is  placed  over  this  ciftern ; and  empty 
hogfheads  without  headings  are  ranged  on  the  joifts  of  this  frame.  Eight  or 
ten  holes  are  bored  in  the  bottoms  of  thefe  hogfheads,  and  through  each  of  the 
holes  the  ftalk  of  a plantain  leaf  is  thruft  fix  or  eight  inches  below  the  joifts,  and 
is  long  enough  to  (land  upright  above  the  top  of  the  hogfhead.  Into  thefe  hogf- 
heads the  mafs  from  the  cooler  is  put,  which  is  called  potting;  and  the  melafles 
drains  through  the  fpungy  ftalk,  and  drops  into  the  ciftern,  from  whence  it  is 
occafionally  taken  for  diftillation.  In  the  fpace  of  three  w'eeks,  the  fugar 
becomes  tolerably  dry  and  fair.  It  is  then  faid  -to  be  cured,  and  the  procefs  is 
finifhed. 

Sugar  thus  obtained  is  called  mufcovado,  and  is  the  raw  material  from  whence 

D 

* It  is  neceffary  to  obferve  in  tin's  place,  that,  in  order  to  obtain  a large  grained  fugar,  it  mud:  be 
buffered  to  cool  flowly  and  gradually.  If  the  coolers  are  too  fhallow,  the  grain  is  injured  in  a fur- 
prifing  manner. 

•f-  The  veffel  called  the  teache  probably  derived  its  name  from  this  practice  of  trying  by  the  touch 
(taftio).  Some  years  ago,  John  Proculus  Baker,  Efq.  banifter  at  law,  recommended  to  the  public 
a method  more  fcientiflc  and  certain,  in  a treatife  which  he  publifhed  in  1775,  entitled  An  Effay  on 
the  Art  of  making  Mufcovado  Sugar.  It  is  as  follows : “ Provide  a fmall  thin  pane  of  clear  crown 
glafs,  fet  in  a frame,  vvhieh  I would  call  a tryer ; on  this  drop  two  or  three  drops  of  the  fubjecl,  one 
on  the  other,  and  carry  your  tryer  out  of  the  boiling  houfe  into  the  air.  Obferve  your  fubjeft,  and 
more  particularly  whether  it  grains  freely,  and  whether  a fmall  edge  of  melaffes  feparates  at  the  bottom, 
l am  well  fatisfied  that  a little  experience  will  enable  you  to  judge  what  appearance  the  whole  fkip  will 
put  on  when  cold,  by  this  fpecimen  which  is  alfo  cold.  This  method  is  ufed  by  chemifts,  to  try  evapo- 
rated folutions  of  all  other  falts  : it  may  feem  therefore  fomewhat  ftrange,  it  has  not  been  long  adopted 
in  the  boiling-houfe.” 

4.  the 
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the  Britifh  fugar-bakers  chiefly  "make  their  loaf  or  refined  lump.  There  is 
another  fort  which  was  formerly  much  ufed  in  Great- Britain  for  domeftic 
purpofcs,  and  was  generally  known  by  the  name  of  Lilbon  fugar.  In  the 
Weft-Indies  it  is  called  clayed  fugar ; and  the  procefs  of  making  it  is  as  follows  : 

A quantity  of  fugar  from  the  cooler  is  put  into  conical  pots  or  pans,  which 
the  French  call  formes,  with  the  points  downwards,  having  a hole  about  half  an 
inch  in  diameter  at  the  bottom,  for  the  melafles  to  drain  through,  but  which  at  firft 
is  clofed  with  a plug.  As  foon  as  the  fugar  in  thefe  pots  is  cool,  and  becomes  a 
fixed  body,  which  is  known  by  the  middle  of  the  top  falling  in,  the  plug  is 
taken  out,  and  the  pot  placed  over  a large  jar,  intended  to  receive  the  fyrup  or 
melafles  that  drains  from  it.  In  this  ftate  it  is  left  as  long  as  the  melaffes  con- 
tinues to  drop,  when  a ftratum  of  clay  is  fpread  on  the  lugar,  and  moiftened  with 
water.  This  imperceptibly  oozing  through  the  pores  of  the  clay,  dilutes  the 
melafles,  in  confequence  of  which  more  of  it  comes  away  than  from  fugar- cured 
in  the  hogfhead,  and  the  fugar  of  courfe  becomes  fo  much  whiter  and  purer.  Ac- 
cording to  Sloane,  the  procefs  was  firft  difcovered  in  Brafil,  by  accident : “ A 
hen  (fays  he)  having  her  feet  dirty,  going  over  a pot  of  fugar,  it  was  found 
under  her  feet  to  be  whiter  than  elfewhere.”  The  reafon  afligned  why  this  pro- 
cefs is  not  univerfally  adopted  in  the  Britilh  fugar  iflands,  is  this,  that  the  water 
which  dilutes  and  carries  away  the  melafles,  diflblves  and  carries  with  it  fo  much 
of  the  fugar,  that  the  difference  in  quality  does  not  pay  for  the  difference  in 
quantity.  It  is  probable  however,  that  the  French  planters  are  of  a different 
opinion  ; for  upwards  of  four  hundred  of  the  plantations  of  St.  Dominga 
have  the  neceffary  apparatus  for  claying,  and  attually  carry  on  the  fyftem. 

Sugar  is  very  foluble  in  water,  and  is  a good  medium  for  uniting  that  fluid 
with  oily  matters.  It  is  much  ufed  for  domeftic  purpofes,  and  appears  upon  the 
whole  to  be  a valuable  and  wholefome  article  of  food,  the  ufes  of  which  are  moft 
probably  reftridted  by  its  high  price.  This  price  may  in  a certain  degree  arife 
from  the  nature  of  the  article  and  its  original  coft;  but  is  no  doubt  in  a great  mea- 
fure  owing  to  the  inhuman  and  wafteful  culture  by  Haves,  and  the  abfurd  prin- 
ciples of  European  colonization,  duties,  draw-backs,  and  bounties,  which  have 
theeffeft  to  create  unnatural  monopolies,  and  to  prevent  commerce  from  finding, 
its  level.  This  is  eminently  the  cafe  with  regard  to  our  Weft-India  iflands1,  and 
their  produce. 

One  very  extenfive  ufe  of  fugar  and  faccharine  juices  confifts  in  the  formation 
of  ardent  fpirit,  an  article  which,  all  things  confidered,  is  perhaps  a curfe  to  fociety. 
The  wines  or  beers  of  pure  fugar  ferment  fo  rapidly,  that  they  can  fcarcely  be 
kept,  but  are  for  the  moft  part  made  for  immediate  ufe.  I do  not  know  of 
any  beer  of  pure  fugar,  which  is  ftored  and  kept  for  fale.  See  Spirit  Ardent, 
Beer,  Wine. 

Modern  chemifts  have  made  various  experimental  enquiries  with  this  fubftance, 
for  which  fee  Acid  of  Sugar,  and  Acid  of  Sugar  Emp yreumatic. 

SUGAR  OF  LEAD.  See  Lead. 

SUGAR  OF  MILK.  See  Milk. 

SULPHUR,  or  brimftone,  is  a well  known,  hard,  brittle,  inflammable  fub- 
ftance,  of  an  opake  yellow  colour.  It  is  found  more  or  lefs  pure  in  the  neigh- 
bourhood of  volcanos ; where  moft  probably  it  is  always  expelled  from  fome 
previous  ftate  of  combination,  by  the  heat  of  fubterraneous  fires.  It  is  a very 
common  ingredient  in  a great  variety  of  minerals  and  ores  j but  it  is  extracted 
for  fale  chiefly  from  a (tone  called  pyrites. 
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In  order  to  obtain  fulpluir  from  pyrites,  this  mineral  ought  to  be  expofed  to  a 
heat  fufficient  to  fublime  the  lulphur,  or  to  make  it  difbil  in  veflels,  which  mud: 
be  clofe  to  prevent  its  burning. 

Sulphur  is  extra&ed  from  pyrites  at  a work  at  Schwartzemberg,  in  Saxony, 
in  the  high  country  of  the  mines,  and  in  Bohemia,  at  a place  called  Alten- 
Sattel. 

The  furnaces  employed  for  this  operation  are  defcribed  by  Macquer.  They 
are  oblong,  like  vaulted  galleries  ; and  in  the  vaulted  roofs  are  made  feveral 
openings.  Thefe  are  called  furnaces  for  extradting  fulphur. 

In  thefe  furnaces  are  placed  earthen -ware  tubes,  filled  with  pyrites  broken  into 
pieces^f  the  fize  of  ftnall  nuts.  Each  of  thefe  .tubes  contains  about  fifty 
pounds  of  pyrites.  They  are  placed  in  the  furnace  almoft  horizontally,  and 
have  fcarcely  more  than  an  inch  of  defcent.  The  ends,  which  come  out  of  the 
furnace  five  or  fix  inches,  become  gradually  narrower.  Within  each  tube  is  fixed 
a piece  of  baked  earth,  in  form  of  a liar,  at  the  place  where  it  begins  to  become 
narrower,  in  order  to  prevent  the  pyrites  from  falling  out,  or  choaking  the  mouth 
of  the  tube.  To  each  tube  is  fitted  a receiver,  covered  with  a leaden  plate, 
pierced  with  a frnall  hole  to  give  air  to  the  fulphur.  The  other  end  of  the  tube 
is  exadtly  clofed.  A moderate  fire  is  made  with  wood,  and  in  eight  hours  the 
fulphur  of  the  pyrites  is  found  to  have  palled  into  the  receivers. 

The  refiduum  of  the  pyrites,  after  the  diftillation,  is  drawn  out  at  the  large 
■end,  and  firefh  pyrites  is  put  in  its  place.  From  this  refiduum,  which  is  called 
burnings  of  fulphur,  vitriol  is  extrafted.  See  Acid  Vitriolic. 

The  eleven  tubes  into  which  are  put,  at  three  feveral  diftillations,  in  all 
Dine  quintals,  or  900  pounds  of  pyrites,  yield  from  100  to  150  pounds-  of 
crude  fulphur,  which  is  fo  impure  as  to  require  to  be  purified. by  a fecond  dif- 
tillation. 

This  purification,  of  crude  fulphur  is  alfo  done  in  a furnace  in  form  of  a gal- 
lery, in  which  five  iron  cucurbits  are  arranged  on  each  fide.  Thefe  cucurbits 
are  placed  in  a Hoping  diredtion,  and  contain  about  eight  quintals  and  a half  of 
crude  fulphur.  To  them  are  luted  earthen  tubes,  fo  difpofed  asto  anfwer  the 
purpofe  of  capitals.  The  nofe  of  each  of  thefe  tubes  is  inferted  into  an  earthen 
pot,  called  the  forerunner.  This  pot  has  three  openings ; namely,  that  which 
receives  the  nofe  of  the  tube  ; a fecond  fmaller  hole,  which  is  left  open  to  give 
air  ; and  a third  in  its  lower  part,  which  is  flopped  with  a wooden  peg. 

When  the  preparations  are  made,  a fire  is  lighted  about  feven  o’clock  in  the 
evening,  and  is  a little  abated  as  foon  as  the  fulphur  begins  to  diftil.  At  three 
• o’clock  in  the  morning,  the  wooden  pegs,  which  flop  the  lower  holes  of  the  fore- 
runners, are  for  the  firft  time  drawn  out,  and  the  fulphur  flows  out  of  each  of 
them  into  an  earthen  pot  with  two  handles  placed  below  for  its  reception.  In  this 
diftillation  the  fire  muft  be  moderated  and  prudently  conduced  ; otherwife  lefs 
fulphur  would  be  obtained,  and  it  would  alfo  be  of  a gray  colour,  and  not  of  the 
fine  yellow  which  it  ought  to  have  when  pure.  The  ordinary  lofs  in  the  puri- 
fication of  eight  quintals  of  crude  fulphur  is,  at  moft,  one  quintal. 

When  all  the  fulphur  has  flowed  out,  and  has  cooled  a little  in  the  earthen 
pots,  it  is  call  into  moulds  made  of  beech-tree,  which  have  been  previoufly 
dipped  in  water,  and  fet  to  drain.  As  foon  as  the  fulphur  is  cooled  in  the  moulds, 
th'.y  are  opened,  and  the  cylinders  of  fulphur  arc  taken  out  and  put  up  in  cafks. 
Thefe  are  called  roll  brimftone. 

As  fulphur  exifts  not  only  in  pyrites,  but  alfo  in  moft  metallic  minerals,  it  is 
3 evident 


SUL 


SUL 


( 921  ) 

evident  that  it  might  be  obtained  by  works  in  the  large  way  from  the  different 
ores  which  contain  much  of  it,  and  from  which  it  muft  be  feparated  previoufly 
to  their  fufion  : but  as  fulphur  is  of  little  value,  the  trouble  of  collecting  it  from 
ores  is  feldom  taken.  Smelters  are  generally  fatisfied  with  freeing  their  ores  from 
it,  by  expofing  them  to  a fire  fufficient  to  expel  it.  This  operation  is  called 
torrefaCtion,  on  roafting  of  ores.  See  Ores. 

There  are,  however,  ores  which  contain  fo  much  fulphur,  that  part  of  it  is 
actually  collected  in  the  ordinary  operation  of  roafting,  without  much  trouble 
for  that  purpofe.  Such  is  the  ore  of  Ramelfberg,  in  the  county  of  Hartz. 

This  ore,  which  is  of  lead  containing  filver,  is  partly  very  pure,  and  partly 
mixed  with  cupreous  pyrites  and  fulphur  ; hence  it  is  neceffary  to  roafl  it. 

The  roafting  is  performed  by  laying  alternate  ftrata  of  ore  and  wood  upon 
each  other  in  an  open  field,  taking  care  to  diminifh  the  fize  of  the  ftrata  as  they 
rife  higher,  fo  that  the  whole  mafs  fhall  be  a quadrangular  pyramid  truncated 
above,  whofe  bafe  is  about  thirty-one  feet  fquare.  Below,  fome  paffages  are  lefc 
open,  to  give  free  entrance  to  the  air  ; and  the  Tides  and  top  of  the  pyramid  are 
covered  over  with  final!  ore,  to  concentrate  the  heat  and  make  it  laft  longer.  In 
the  centre  of  this  pyramid  there  is  a channel,  which  defcends  vertically  from  the 
top  to  the  bafe.  When  all  is  properly  arranged,  ladle-fulls  of  red  hot  fcoria 
from  the  fmelting  furnace  are  thrown  down  the  channel,  by  which  means  the 
fhrubs  and  wood,  placed  below  for  that  purpofe,  are  kindled,  and  the  fire  is 
from  them  communicated  to  all  the  wood  of  the  pile,  which  continues  burning 
till  the  third  day.  At  that  time  the  fulphur  of  the  mineral  becomes  capable  of 
burning  fpontaneoufly,  and  of  continuing  the  fire  after  the  wood  is  confirmed^ 

When  this  roafting  has  been  continued  fifteen  days,  the  mineral  becomes  greafy, 
that  is,  it  is  covered  over  with  a kind  of  varnifh  : twenty  or  twenty- five  holes  or 
hollows  are  then  made  in  the  upper  part  of  the  pile,  in  which  the  fulphur  is  col- 
lected. From  thefe  cavities  the  fulphur  is  taken  out  thrice  every  day,  and  thrown 
into  water.  This  fulphur  is  not  pure,  but  crude,  and  is  therefore  fent  to  the 
manufacturers  of  fulphur  to  be  purified  in  the  manner  above  related. 

As  this  ore  of  Ramelfberg  is  very  fulphureous,  the  firft  roafting,  which  we  are 
now  defcribing,  lafts  three  months  ; and  during  this  time  if  much  rain  has  not 
fallen,  or  if  the  operation  has  not  failed  by  the  pile  falling  down  or  cracking,  by 
which  the  air  has  fo  much  free  accefs  that  the  fulphur  is  burnt  and  confumed, 
from  ten  to  twenty  quintals  of  crude  fulphur  are  by  this  method  collected. 

The  fulphur  of  this  ore,  like  that  of  mod  others,  was  formerly  negleCted,  till 
in  the  year  1570  a perfon  employed  in  the  mines,  called  Chriftopher  Sauder, 
difcovered  the  method  of  collecting  it,  nearly  as  it  is  done  at  prefent. 

Metallic  minerals  are  not  the  only  fubftances  from  which  fulphur  is  extracted  ; 
this  matter  is  diffufed  in  the  earth  infuch  quantities,  that  the  metals  cannot  abforb 
it  all.  Some  fulphur  is  found  quite  pure,  and  in  different  forms,  principally  in 
die  neighbourhood  of  volcanos,  in  caverns,  and  in  mineral  waters.  Such  are 
die  opake  kind,  called  virgin  fulphur ; the  tranfparent  kind,  called  fulphur  of 
quito  ; and  the  native  flowers  of  fulphur,  as  thofe  of  the  w'aters  of  Aix-la-Chapelle. 
It  is  alfo  found  mixed  with  different  earths.  Here  we  may  obferve,  that  all 
thofe  kinds  of  fulphur  which  are  not  mineralized  by  metallic  fubftances,  are  found 
near  volcanos,  or  hot  mineral  waters,  and  confequently  in  places  where  nature 
feems  to  have  formed  great  fubterranean  laboratories,  in  which  fulphureous  minerals 
may  be  analyzed  and  decompofed,  and  the  fulphur  feparated  in  the  manner  in 
which  it  is  done  in  the  fmall  way  in  our  works  and  laboratories.  However  that 
may  be,  certainly  one  of  the  beft  and  moft  famous  fulphur  mines  in  the  world 
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is  that  called  Solfatara.  The  Abbe  Nollet  has  publiftied,  in  the  Memoirs  of  the 
Academy,  fome  interefting  obfervations  upon  this  fubjeft,  of  which  Macquer 
gives  the  following  abridgment : 

Near  Puzzoli,  in  Italy,  is  that  great  and  famous  mine  of  fulphur  and  alum, 
called  at  prefent  Solfatara.  It  is  a fmall  oval  plain,  the  greateft  diameter  of  which 
is  about  400  yards,  raifed  about  300  yards  above  the  level  of  the  fea.  It  is  fur- 
rounded  by  high  hills  and  great  rocks,  which  fall  to  pieces,  and  whofe  fragments 
form  very  fteep  banks.  Almoft  all  the  ground  is  bare  and  white,  like  marie  ; 
and  is  every  where  fenfibly  warmer  than  the  atmofphere  in  the  greateft  heat  of 
fummer  fo  that  the  feet  of  perfons  walking  there  are  burnt  through  their  {hoes. 
It  is  impoflible  not  to  obferve  the  fulphur  there  ; for  every  where  may  be  per- 
ceived by  the  fmell  a fulphureous  vapour,  which  rifes  to  a confiderable  height, 
and  gives  reafon  to  believe  that  there  is  a fubterraneous  fire  below,from  which  that 
vapour  proceeds. 

Near  the  middle  of  this  field  there  is  a kind  of  bafon  three  or  four  feet  lower 
than  the  reft  of  the  plain,  in  which  a found  may  be  perceived  when  a perfon  walks 
on  it,  as  if  there  were  under  his  feet  fome  great  cavity,  the  roof  of  which  was 
very  thin.  After  that,  the  lake  Agnano  is  perceived,  whofe  waters  feem  to  boil. 
Thefe  waters  are  indeed  hot,  but  not  fo  hot  as  boiling  water.  This  kind  of 
ebullition  proceeds  from  vapours  which  rife  from  the  bottom  of  the  lake,  which 
being  fet  in  motion  by  the  attion  of  fubterranean  fires,  have  force  enough  to  raife 
all  that  mafs  of  water.  Near  this  lake  there  are  pits,  not  very  deep,  from  which 
fulphureous  vapours  are  exhaled.  Perfons  who  have  the  itch  come  to  thefe  pits, 
and  receive  the  vapours  in  order  to  be  cured.  Finally,  there  are  fome  deeper 
excavations,  whence  a foft  ftone  is  procured  which  yields  fulphur.  From  thefe 
cavities  vapours  exhale,  and  ilfue  out  with  noife,  and  which  are  nothing  elfe  than 
fblphur  fubliming  through  the  crevices.  This  fulphur  adheres  to  the  fides  of 
the  rocks,  where  it  forms  enormous  mafles  : in  calm  weather  the  vapours  may  be 
evidently  feen  to  rife  twenty-five  or  thirty  feet  from  the  furface  of  the  earth. 

Thefe  vapours,  attaching  themfelves  to  the  fides  of  rocks,  form  enormous 
groups  of  fulphur,  which  fometimes  fill  down  by  their  own  weight,  and  render 
thefe  places  of  dangerous  accefs. 

In  entering  the  Solfatara,  there  are  warehoufes  and  buildings  ereded  for  the 
rpfining  of  fulphur. 

Under  a great  fired,  or  hangar,  fupported  by  a wall  behind,  open  on  the  other 
three  fides,  the  fulphur  is  procured  by  diftillation  from  the  foft  ftones  we  men- 
tioned above.  Thefe  ftones  are  dug  from  underground;  and  thofe  which  lie 
on  the  furface  of  the  earth  are  negleded.  Thefe  laft  are,  however,  covered  with 
a fulphur  ready  formed,  and  of  a yellow  colour ; but  the  workmen  fay  they  have 
loft  their  ftrength,  and  that  the  fulphur  obtained  from  them  is  not  of  fo  good 
a quality  as  the  fulphur  obtained  from  the  ftones  which  are  dug  out  of  the 
ground. 

Thefe  laft-mentioned  ftones  are  broken  in  lumps,  and  put  into  pots  of  earthen 
ware,  containing  each  about  twenty  pints,  Paris  meafure.  The  mouths  of  thefe 
pots  are  as  wide  as  their  bottoms ; but  their  bellies,  or  middle  parts,  are  wider. 
They  are  covered  w ith  a lid  of  the  fame  earth,  well  luted,  and  are  arranged  in 
two  parallel  lin$s  along  two  brick  walls,  which  form  the  two  fides  of  a furnace. 
The  pots  are  placed  within  thefe  walls;  fo  that  the  centre  of  each  pot  is  in  the 
centre  of  the  thicknefs  of  the  wall,  and  that  one  end  of  the  pots  overhangs  the 
wall  within,  while  the  other  end  overhangs  the  wall  without.  In  each  furnace 
ten  of  thefe  pots  are  placed  ; that  is,  five  in  each  of  die  two  walls  which  form 
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the  two  Tides  of  the  furnace.  Betwixt  thefe  walls  there  is  a fpace  of  fifteen  or 
eighteen  inches;  which  fpace  is  covered  by  a vault  reding  on  the  two  walls. 
The  whole  forms  a furnace  feven  feet  long,  two  feet  and  a half  high,  open  at  one 
end,  and  (hut  at  the  other,  excepting  a fmall  chimney,  through  which  the  fmoke 
pafles. 

Each  of  thefe  pots  has  a mouth  in  its  upper  part  without  the  furnace,  in  order 
to  admit  a tube  of  eighteen  lines  in  diameter,  and  a foot  in  length,  which  com- 
municates with  another  pot  of  the  fame  fize  placed  without  the  building,  and 
pierced  with  a round  hole  in  its  bafe  of  fifteen  or  eighteen  lines  diameter.  Ladiy, 
to  each  of  thefe  lad-mentioned  pots  there  is  a wooden  tub  placed  below,  on  a 
bench  made  for  that  purpofe. 

Four  or  five  of  thefe  furnaces  are  built  under  one  hangar  or  fired.  Fires  are 
kindled  in  each  of  them  at  the  fame  time ; and  they  are  thrown  down  after  each 
didillation,  either  that  the  pots  may  be  renewed,  or  that  the  reiiduums.  may  be 
more  eafily  taken  out. 

The  fire  being  kindled  in  the  furnace,  heats  the  fird  pots  containing  the  ful- 
phureous  dones.  The  fulphur  rifes  in  fumes  into  the  upper  part  of  the  pot, 
whence  it  pafles  through  the  pipe  of  communication  into  the  external  veflel. 
There  the  vapours  are  condenfed,  become  liquid,  and  flow  through ’the  hole 
below  into  the  tub,  from  which  the  fulphur  is  eafily  turned  out,  becaufe  the 
form  of  the  veflel  is  that  of  a truncated  cone,  whofe  narrower  end  is  placed  below, 
and  becaufe  the  hoops  of  the  tub  are  fo  faflened,  that  they  may  be  occafionally 
loofened.  The  mafs  of  fulphur  is  then  carried  to  the  buildings  mentioned  before, 
where  it  is  remelted  for  its  purification,  and  cad  into  rolls,  fuch  as  we  receive  it. 

For  accurate  purpofes,  fublimation  is  necefiary  to  . deprive  fulphur  of  the  ac- 
cidental impurities  it  may  contain.  This  may  be  done  in  an  earthen  cucurbit 
fet  on  afand  bath,  with  a head  properly  adapted.  The  fulphur  rifes  by  a very 
gentle  heat,  little  more  than  is  diffident  to  melt  it ; and  the  fine  fublimate  thus 
obtained  is  called  flowers  of  brimftone. 

Water  has  no  immediate  adlion  on  fulphur.  It  isfaid,  however,  to  foften  thb 
outfide  by  iongcontadt  with  it ; and  if  fulphur  be  heated  nearly  to  fuch  a degree 
as  to  fet  it  on  fire,  and  then  poured  into  water,  it  becomes  foft,  and  partly  tranf- 
parent.  In  procefs  of  time  it  recovers  its  original  hardnefs  and  opacity.  If  fleam 
of  water  be  palled  over  fulphur  contained  in  a heated  earthen  tube,  inflammable  air 
is  extricated  either  from  the  fulphur  or  the  water,  and  comes  out  at  the  end  of  the 
tube*.  The  experiment  is  troublefome,  on  account  of  the  fulphur  fubliming. 

The  combinations  of  dilphur  with  earths  or  alkalis  are  called  hepars,  or  livers 
of  fulphur,  from  their  colour.  There  is  no  perceptible  adtion  between  fulphur 
and  filiceous  earth.  Argillaceous  earth  has  very  little  adlion  upon  it  in  the  diredt 
way  ; but -lime  unites  readily  with  it.  If  frefh  quick-lime  and  flowers  of  fulphur 
be  mixed,  and  water  be  added  a little  at  a time,  the  heat  of  the  lime  will  be  fuf- 
ficient  to  produce  the  combination.  On  addition  of  more  water  it  becomes 
reddilh,  and  emits  a fetid  fmell  of  rotten  eggs,  which  is  common  to  all  the 'hepars* 
The  more  cauftic  the  lime,  the  deeper  the  colour  of  the  hepar.  The  pure  fixed 
alkalis  decom pole  calcareous  hepar,  by  virtue  of  their  Aronger  affinity  to  the 
fulphur ; and  any  acid  whatever  decompofes  it,  by  attradfin-g  the  lime,  the  ful- 
phur at  the  fame  time  falling  to  the  bottom  in  the  form  of  a fubtle  powder,  for- 
merly called  magidery  of  fulphur. 

Pure  ponderous  earth  boiled  in  water  with  fulphur  has  but  little  adlion  upon 
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it  : but  in  the  dry  way,  when  ponderous  fpar,  or  the  combination  of  vitriolic  acid 
and  ponderous  earth,  is  ftrongly  heated  Jn  a crucible  with  charcoal,  a coherent 
mafs  is  formed,  which  is  foluble  in  water,  with  the  fmell  and  other  hepatic  cha- 
racters ; and  if  any  acid  be  added  which  will  form  a foluble  fait  with  the  pon- 
derous earth,  a precipitate  of  fulphur  will  be  obtained. 

If  a fmall  quantity  of  magnefia,  and  an  equal  quantity  of  flowers  of  fulphur, 
be  inclofed  in  a veflel  perfectly  filled  up  with  diftilled  water,  and  well  flopped,, 
and  then  expofed  to  heat  by  immerfion  in  boiling  water  for  feveral  hours,  a com- 
bination will  take  place;  and  the  water  will  contain  a magnefian  liver  of  fulphur, 
from  which  the  earth  may  be  precipitated  by  the  addition  of  an  alkali,  which  will 
unite  with  the  fulphur  : or  the  fulphur  may  be  precipitated  by  an  acid,  which  will 
combine  with  the  earth. 

The  fixed  alkalis  combine  very  readily  with  fulphur,  either  in  the  moifi  or  dry 
way,  whether  they  be  in  a pure  or  cauftic  ftate,  or  combined  with  fixed  air ; though 
more  ftrongly  in  the  former  than  the  latter  cafe.  If  a folution  of  fixed  alkali  in 
water  be  boiled  with  half  its  weight  of  powdered  fulphur,  a combination  takes 
place,  and  liver  of  fulphur  is  formed.  Or  if  equal  parts  of  dry  alkali  and  pow- 
dered fulphur  be  melted  in  a crucible,  and  poured  out  on  a flat  polilhed  ftone,  as 
foon  as  the  fufion  is  complete  the  combination  will  be  of  a liver  colour,  and  is  the 
folid  hepar.  If  it  be  made  with  a pure  or  cauftic  alkali,  its  colour  is  deeper,  and 
its  charaCteriftic  properties  more  intenfe,  than  when  a mild  alkali  is  ufed.  A fo- 
lution of  the  folid  hepar  in  water  forms  precifely  the  famefubftance  as  the  prepa- 
ration made  in  the  moift  way. 

The  peculiar  fetid  fmell  of  the  folid  hepar  when  moiftened,  or  of  its  folution, 
is  produced  by  the  emiffion  of  a permanently  elaftic  fluid,  called  hepatic  air. 
This  fmell  when  ftrong  is  infupportable,  and  fuddenly  deftroys  animal  life. 
Hepatic  air  is  very  foluble  in  water,  which  it  converts  into  a ftate  perfectly  re- 
fembling  that  of  the  fulphureous  mineral  fprings.  It  renders  fyrup  of  violets 
green,  blackens  the  calces  of  lead  and  bifmuth,  and  the  furface  of  filver.  Vital 
air  decompofes  it,  and  caufes  fulphur  to  be  depofited.  It  detonates  with  vital  air 
when  fet  on  fire.  It  is  not  clearly  afcertained  in  what  manner  the  fulphur  is  fuf- 
pended  in  hepatic  air.  Sulphur  melted  by  the  burning  glafs  in  inflammable  air 
over  mercury,  produces  a fluid  which  has  the  properties  of  hepatic  air.  See 
Livrr  of  Sulphur,  Air  Hepatic. 

The  acidification  of  fulphur  by  burning  has  been  mentioned  and  explained 
under  the  article  Acid  Vitriolic.  The  procefs  of  combuftion  is  faid  to  be 
performed  in  fome  manufactories  in  very  large  glafs  globes.  But  the  molt  ufual 
method  in  England  is,  as  I am  informed,  by  chambers  lined  with  lead.  Of  thefe 
the  annotator  on  Macquer’s  Dictionary  gives  the  following  account.  It  is  faid 
that  the  procefs  was  brought  forward  in  England  by  the  celebrated  Dr.  Ward. 

The  greateft  part  of  the  vitriolic  acid  now  employed  is  obtained  by  burning 
fulphur.  The  vapours  of  burning  fulphur  are  the  volatile  vitriolic,  or  fulphureous. 
acid.  Thefe  are  very  difficultly  condenfible.  For  which  reafon  very  large  veflels 
and  much  time  are  required  in  this  operation.  In  great  works  leaden  veflels  are 
ufed,  called  houfes,  of  a prifmatic  form,  of  which  the  altitude  is  abqut  ten  feet, 
and  the  bafe,  which  is  a reCtangle,  is  fix  feet  long  and  tour  feet  broad.  The  bot- 
tom of  each  of  thefe  veflels  is  covered  with  a little  water  to  affift  the  condenfation 
of  the  vapour.  Above  the  water  is  placed  a fmall  veflel  capable  of  containing  a 
few  pounds  of  fulphur,  to  which  a fmall  portion  of  nitre  is  added ; becaufe  by  this 
addition  a larger  quantity  of  fulphur  may  be  burnt  without  accefs  of  frefh  air. 
The  veflels  are  to  be  filled  with  tne  vapour  of  hot  water,  and  their  fides  wetted 
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with  the  condenfed  (team;  then  the  fulphur  is  to  be  kindled  by  touching  it  with 
a red  hot  iron  : the  vapour  of  the  burning  fulphur  rifes  flowly  ; and  when  it  has 
rifen  as  high  as  the  mouth  of  the  great  veffel,  this  mult  be  flopped,  or  very  nearly 
flopped,  that  the  vapour  may  be  confined.  The  fulphur  continues  to  burn  till  the 
air  contained  within  the  veffel  and  the  nitre  be  no  longer  capable  of  maintaining 
the  combuftion.  The  vapour  remains  a confiderable  time  before  it  be  entirely 
condenfed,  notwithstanding  that  this  condenfadon  is  facilitated  by  the  water  in 
the  veffel,  and  efpecially  by  the  fleam  of  water  with  which  the  veffel  was  previ- 
oufly  filled.  When  all  the  vapour  of  the  fulphureous  acid  is  at  lafl  condenfed, 
the  fulphur  is  to  be  Again  kindled,  and  more  added  if  it  be  neceffary,  and  the 
procefs  repeated  as  before.  When  a fufficient  quantity  of  acid  is  collected,  it  is 
to  be  taken  out  of  the  veffel  5 and  after  it  has  loll  its  fulphureous  or  volatile  qua- 
lity by  expofure  to  air,  it  is  concentrated  and  rectified  by  dilfillation. 

Mr.  pelametherie,  in  one  of  his  preliminary  difcourfes  to  the  Journal  de  Phy- 
fique,  to  which  I am  not  at  prefent  able  to  refer,  afferts  that  the  Englifii  manu- 
facturers contrive  to  burn  fulphur  and  condenfe  the  product  into  vitriolic  acid,, 
without  making  ufe  of  nitre.  The  moll:  effective  expedient  is  faid  to  confifl  in 
paffing  the  elaftic  produCt  through  a body  of  water.  But  Mr.  Chaptal,  whofe 
knowledge  and  fkill  in  chemiftry,  as  well  as  the  extenfive  opportunities  he  pof- 
feffes  of  making  experiments  in  the  large  way,  entitle  him  to  the  utmoft  refpeCt,. 
has  in  the  fecond  volume  of  the  Annales  de  Chimie  given  an  account  of  fome 
phenomena  attending  the  combuftion  of  fulphur,  which  fhew  that  fome  very  con- 
fiderable difficulties  attend  this  procefs. 

When  fulphur  is  burned  in  a fire  conftruCted  on  the  outfide  of  a chamber  of 
lead,  and  the  current  of  fumes  and  fmoke  is  directed  into  the  chamber,  the  pro- 
duct according  to  the  management  will  be  either  fublimed  fulphur,  foft  fulphur., 
fulphureous  acid,  or  the  perfeCt  vitriolic  acid. 

When  the  current  of  air  is  rapid,  and  the  combuftion  fpeedy,  a quantity  of  ful- 
phur is  carried  into  the  chamber,  and  depofited  without  any  perceptible  alteration.. 

If  the  current  of  air  be  moderated,  the  combination  between  the  fulphur  and' 
vital  air  becomes  fomewhat  more  e'xaCt ; the  fulphur  is  partly  acidified,  and  is 
depofited  in  a pellicle  on  the  furface  of  the  water.  This  pellicle  is  flexible  like 
a fkin,  and  may  be  turned  and  handled  in  the  fame  manner.  Chaptal  was  fre- 
quently obliged  to  take  it  out  with  a cake  at  its  early  depofition,  when  it  refembles-. 
fpider’s  webs. 

If  the  current  of  air  be  flill  lefs  rapid,  and  its  vital  part  be  allowed  the  time- 
neceffary  to  combine  flill  more  effectually  with  the  fulphur,  the  produCt  is  the 
fulphureous  vitriolic  acid,  which  preferves  its  elaftic  form  in  the  temperature  of 
the  atmofphere,  provided  water  be  not  prefent,  but  may  be  condenfed  by  extreme 
cold,  as  Mor.ge  has  (hewn.  It  is  the  vitriolic  acid  air. 

If  the  combuftion  be  yet  more  checked,  and,  as  Chaptal  expreffes  it,  if  die  air 
be  fuffired  to  digeSt" upon  the  inflamed  fulphur,  the  refult  is  vitriolic  acid.  This, 
laft  combination  may  be  facilitated  by  the  mixture  of  faltpetre,  which  abundantly 
furnilhes  vital  air  in  the  denfe  ftate. 

The  addition  of  faltpetre  to  the  fulphur  adds  very  considerably  to  the  price  of 
the  oil  of  vitriol  of  commerce.  Chap  al  affirms  that  he  has  made  a prodigious 
number  of  variations  in  the  manner  of  burning  fulphur  for  the  purpofe  of  di- 
minilhing  the  proportion  of  this  fait.  The  refults  of  thefe  experiments  are  as 
follow  : 

In  1785  a fquare  chamber  lined  with  lead  was  prepared  for  this  purpofe.  Its 
dimenfions  were  thirty  feet  (de  trente  pieds  de  dimen  lion),  by  which  I take  it 
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for  granted  the  author  means  a cube  meafuring  thirty  feet  in  its  fide.  He  at  firft 
adapted  to  one  of  the  angles  a kind  of  reverberatory  furnace,  of  which  the  fire- 
place was  two  feet  in  diameter,  and  the  chimney  was  directed  into  the  chamber. 
He  was  aftonifhed  at  the  facility  with  which  fulphur  was  burned  in  this  furnace. 
The  combuftion  was  kept  up  by  a proper  fupply  for  feven  fucceflive  days,  at  the 
end  of  which  time  a fmell  fo  ftrong  was  emitted  round  the  chamber,  that  the 
workmen  could  no  longer  proceed.  This  fmeil  was  fo  penetrating  that  it  ex- 
cited tears,  and  fneezing  of  fuch  a convulfive  kind  as  to  force  blood  from  the 
nofe.  The  fire  was  therefore  difeontinued,  and  three  or  four  days  afterwards  the 
door  of  the  chamber  was  opened  ; whence  a gas  efcaped  fo  fubtle  and  pene- 
trating, that  its  effect  on  the  fk'in  of  the  face, produced  a fenfation  refembling  that 
of  fmall  pins  darted  into  the  flefn.  As  foon  as  it  was  practicable  to  vifit  ihe  in- 
terior part,  the  water  was  found  to  be  covered  by  a membrane  of  confiderable 
thicknefs,  and  fufficiently  tenacious  to  admit  of  its  being  drawn  about  upon  the 
furface  of  the  liquid.  This  membrane  was  covered  with  a ftratum  of  flowers'of 
fulphur.  The  water  marked  o on  the  aerometer  of  Baume,  and  was  fcarcely 
acidulated,  whereas  the  eleven  quintals  and  thirty-five  pounds  of  fulphur  which 
had  been 'burned  ought  to  have  raifed  the  water  to  the  denfity  of  nine  degrees, 
according  to  former  obfervations,  if -the  vitriolic  acid  had  been  produced.  This 
experiment,  varied  and  repeated  feveral  times  in  a fmall  chamber  of  fifteen  by 
twenty  feet  fquare,  conflantly  afforded  the  fame  refuhs. 

It  was  therefore  requifite  to  moderate  the  current  of  air,  that  a greater  portion 
of  vital  air  might  combine  with  the  fulphur.  This  was  expeCfed  to  be  accom- 
plifhed  by  making  the  aperture  of  communication  between  the  furnace  and  the 
chamber  a fquare  of  four  feet,  and  admitting  the  external  air  to  the  furnace  through 
a fmall  door  furnifhed  with  a regifter.  The  combuftion  was  neither  fo  eafily  ef- 
fected nor  fo  rapid  as  before ; but  the  deteftable  fmell  which  iffued  from  the  in- 
ternal part  of  the  chamber  rendered  it  neceffary  to  fufpend  the  combuftion  for 
feveral  days  together.  An  iffuewas  likewife  given  to  the  vapours  feveral  times, 
by  opening  the  door,  and  leaving  it  open  for  a long  time.  At  length  with  thefe 
precautions  twenty-nine  quintals  were  burned  in  the  fpace  of  thirty- three  days  j 
and  when  this  chemift  examined  the  ftate  of  the  water,  he  was  not  a little  fur- 
prifed  to  find  that  it  marked  only  one  degree,  and  fcarcely  effervefeed  with  al- 
kalis. There  was  no  pellicle  on  the  water,  nor  fulphur  fublimed,  which  fhews  in 
his  opinion  that  the  fulphur  was  converted  perfectly  enough  into  fulphureous  acid. 
Whence  it  fhould  feem  that  the  failure  of  the  experiment  muft  have  arifen  chiefly 
from  a defeCt  as  to  the  means  of  condenfation. 

It  obviouflv  appears  that  thefe  means  muft  confift  in  increafing  the  furfaces  of 
contaCt  of  the  water  and  fulphureous  acid.  This  may  be  done  by  mechanical 
agitation,  by  palling  the  elaftic  fluid  through  the  water,  or  by  introducing  the 
water  in  the  form  of  fteam.  The  two  latter  expedients  are  faid  to  be  ufed  in  the 
Englifh  works.  1 do  not  find  that  they  occurred  to  Chaptal  at  the  time  of 
making  his  experiments.  From  the  unluccefsful  i flue  of  this  laft  experiment  he 
renounced  the  hope  of  obtaining  vitriolic  acid  by  the  vital  air  of  the  atmofphere 
alone  applied  to  fulphur,  and  was  more  than  ever  convinced  of  the  neceffity  of 
the  mixture  of  faltpe  re. 

The  firft  effeCt  of  the  combuftion  of  this  mixture  is  a white  thick  ponderous 
vapour,  ftrongly  acid,  which  is  eafily  precipitated  and  fixed  ; whence  the  external 
air  is  ftrongly  drawn  in  to  aflift  the  combuftion.  This  vapour  is  highly  phof- 
phoric,  as  may  be  feen  by  infpecling  a chamber  of  lead  at  the  moment  when  it  is 
filled  with  thefe  vapours. 
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As  foon  as  all  the  vapour  is  depofited  on  the  water,  or  on  the  Tides,  there  re- 
mains a fulphureous  acid  gas,  elaftic,  tranfparent,  and  penetrating,  which  efcapes 
from  the  internal  part  of  the  chamber  as  foon  as- the  door  is  opened,  and  is  an  im- 
pediment to  the  combuftion.  This  gas  is  more  abundant,  the  lefsthe  proportion - 
of  faltpetre  in  the  mixture. 

When  the  door  of  one  of  thefe  leaden  chambers  is  opened,  a red  vapour  is  feen 
to  come  forth,  which  confifts  of  nitrous  air  in  the  aft  of  combination  with  the 
vital  air  of  the  atmofphere.  It  is  formed  in  proportion  as  the  external  air  pene- 
trates into  the  chamber. 

The  nitrous  acid  thus  precipitated  corrodes  the  lead  and  fpeedily  covers  its 
furface  with  a white  calx,  which  may  be  employed  for  the  fame  purpofes  as  cerufe. 

SUMACH  Common  fumach  (rhus  coriaria)  is  a fhrub  that  grows  natu- 
rally in  Syria,  Paleftine,  Spain,  and  Portugal ; in  the  two  laft  it  is  cultivated  with' 
great  care  : its  (hoots  are  cut  down  every  year  quite  to  the  root ; and,  after  being, 
dried,  they  are  reduced  to  powder  by  a mill,  and  thus  prepared  for  the  pqrpofes 
of  dyeing  and  tanning.  The  fumach  cultivated  in  the  neighbourhood  of  Mont- 
pellier is  called  redoul  or  roudou. 

The  infufion  of  fumach,  which  is  of  a greenifh  fawn  colour,  foon  becomes- 
brown  by  expofure  to  the  air  : a folution  ofpot-afh  produces  but  little  change  on 
it  while  recent ; acids  brighten  its  colour,  and  turn  it  yellow  ; folution  of  alum 
renders  it  turbid,  and  produces  in  it  a fmall  quantity  of  yellow  precipitate ; the 
liquor  remains  yellow. 

Sugar  of  lead  produced  immediately  a confiderable  quantity  of  yellowifh  preci- 
pitate, the  furface  of  which  was  brown  ; the  liquor  remained  of  a clear  yellow. 

Vitriol  of  copper  produced  a copious  precipitate  of  a yellowifh  green,  which 
after  fome  hours  changed  to  a browni(h  .green  ; the  liquor  remained  clear  and- 
Hightly  yellow. 

Common  vitriol  of  zinc  rendered  the  liquor  turbid,  darkened  its  colour,  and 
produced  a deep  blue  precipitate. 

Pure  vitriol  of  zinc  did  not  deepen  the  colour  nearly  To  much  ; only  a fmall 
quantity  of  a brownifh  fawn-coloured  precipitate  was  produced. 

Sea  fait  at  firffc  produced  no  fenlible  change;  but  after  fome  hours,  the  liquor 
became  fomewhat  turbid,  and  its  colour  was  rendered  a little  more  clear. 

Sumach  afts  on  a folution  of  filver  juft  as  galls  do  ; it  reduces  the  (liver  to  its 
metallic  (late,  and  the  reduction  is  favoured  by  the  aftion  of  light. 

Of  all  aftringents,  fumach  bears  the  greateft  refemblance  to  galls  : the  precipi- 
tate, however,  produced  in  folutions  of  iron  byan  infufion  of  it,  is  lefs  in  quantity 
than  what  is  obtained  by  an  equal  weight  of  galls ; fo  that  in  moft  cafes  it  may  be 
fubftitutedfor  galls,  the  price  of  which  is  confiderable,  provided  we  proportionally 
increafe  its  quantity. 

Sumach  alone  gives  a fawn  colour  inclining  to  green  ; but  cotton  (luffs  which 
have  been  impregnated  with  printer’s  mordant,  that  is,  acetous  alum,  take  a 
pretty  g.ocd  and  very  durable  yellow.  An  inconvenience  is  experienced  in  em- 
ploying fumach  in  this  way,  which  arifes  from  the  fixed  nature  of  its  colour;  the 
ground  of  the  fluff  does  not  lofe  its  colour  by  expofure  on  the  grafs,  fo  that  it- 
becomes  necelfary  to  impregnate  all  the  fluff  with  different  mordants  to  vary  the 
colours,  without  leaving  any  part  of  it  white. 

* From.Berthollet, 
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TALC.  Pure  magnefia,  intimately  mixed  with  nearly  twice  its  weight  of  filex, 
and  lefs  than  its  own  weight  of  clay,  produces  Venetian  talc. 

Its  colour  is  white,  gray,  yellowilh,  or  greenifh  ; it  is  foft  and  foapy  to  the 
touch,  and  in  thin  pieces  femi-tranfparent ; it  is  compofed  of  very  thin  laminae 
difpofed  in  a laminar  or  filamentous  form,  much  tenderer  and  more  brittle  than 
thofe  of  mica,  but  like  this  it  has  a metallic  luftre ; its  hardnefs  is  fo  inconfi- 
derable  that  it  may  be  fcratohed  with  the  nail;  and  its  fpecific-gravity  is  2,729. 

It  does  not  effervefce  with  acids;  and  is  foluble  therein  very  difficultly,  by  par- 
ticular management,  and  only  in  part. 

In  fire  it  becomes  more  brittle  and  whiter,  but  is  infufible  per  fe  by  the  blow- 
pipe, and  fcarcely  fufible  by  fixed  alkalis,  but  more  completely  and  with  little 
effervelcence  by  borax  or  microcofmic  fait. 

This  talc  contains  fomething  lefs  than  fifty  per  cent,  of  filex,  and  about  two 
per  cent,  of  iron.  The  magnefia  is  in  fmaller  quantity,  but  it  exceeds  the  clay  : 
the  exaCt  proportion  was  not  found  by  Kirwan. 

Mufcovy  talc  confifts  of  broad,  elafiic,  flexible,  tranfparent  leaves;  and  differs 
externally  from  mica  only  in  being  fofter  and  more  foapy  to  the  touch.  Kirwan. 

TALLOW.  I do  not  know  of  any  experiments  which  afcertain  a chemical 
difference  between  this  concrete  animal  fat,  which  is  chiefly  taken  from  the  in- 
tfeftines  of  animals,  and  other  fat  oils  of  the  fame  nature.  The  mofl  valuable  pro- 
perty of  tallow  is  the  confiderable  heat  it  requires  to  fufe  it,  which  is  commonly 
diftinguiflhed  by  the  term  hardnefs.  The  quantity  of  foot  and  fetid  exhalation 
emitted  from  the  various  kinds  of  tallow  candles  brought  to  market,  alfo  form  a 
diflinguifhing  charaCteriftic  in  the  ufe  of  this  article,  and  are  accompanied  with 
notable  variations  in  the  quantities  of  light  afforded  by  each.  It  is  an  objeCt  of  no 
fmall  importance  to  purify  or  improve  tallow.  The  tallow-chandlers  clear  it  of 
fibrous  matter  and  other  grofs  impurities  by  careful  melting,  {training,  and  the  like 
mechanical  management.  It  is  laid  alfo  that  they  improve  its  whitenefs  by  the 
addition  of  alum,  the  efficacy  of  which  I am  much  difpofed  to  doubt.  It  is 
thought  alfo  that  long  keeping,  and  the  aCtion  of  the  external  air,  improve  its 
hardnefs ; but  thefe  flow  operations  are  ill  calculated  for  a manufactory  in  which 
the  greateft  part  of  the  capital  is  veiled  in  the  raw  material  and  duty,  and  very 
little  in  the  manufacturing  procefs. 

The  aerated  marine  acid  produces  a (late  in  tallow  which  is  fomewhat  nearer  to 
that  of  wax  than  before,  and  a thin  ftratum  of  tallow  expofed  upon  an  extended 
furface  of  water  becomes  likewife  harder;  but  the  indications  thefe  proceffes 
might  afford  to  the  manufacturer  have  not  yet  been  applied  to  any  extended  pur- 
pofes  of  utility. 

TALLOW,  MINERAL.  See  Mumia. 

TAMARINDS.  Tamarindi  fruCtus : Tamarind i indicae,  Linn.  The  fruit  of 
a tree  growing  in  the  Eaft  and  Weft  Indies,  called  by  C.  Bauhin  filiqua  Arabica 
quse  tamanndus.  It  is  a pod  refembling  a bean-cod,  including  feveral  hard  feeds, 
together  with  a dark-coloured  vifcid  pulp  of  a pleafantacid  tafte  ; the  Eaft  India 
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tamarinds  are  longer  than  the  Weft  India  fort;  the  former  containing  fix  or 
feven  feeds  each,  the  latter  rarely  above  three  or  four. 

TANNING.  The  feveral  kinds  of  leather  are  prepared  from  the  fkins  of 
animals  macerated  for  a long  time  with  lime  and  water,  to  promote  the  fepara- 
tion  of  the  hair  and  wool,  and  of  the  fat  and  flefhy  parts,  in  which  recourfe  is 
alfo  had  to  the  affiftance  of  mechanical  preffure,  fcraping,  and  the  like.  The 
fkin,  when  thus  deprived  of  its  more  putrefcible  part,  and  brought  confiderably 
towards  the  ftate  of  mere  fibre,  is  tanned  by  maceration  with  certain  aftringent 
fubflances,  particularly  the  bark  of  the  oak-tree.  Neumann  affirms,  that  pre- 
pared leather,  as  well  as  fkins,  affords  a large  quantity  of  glue  by  boiling  in  wa- 
ter. The  Chevalier  de  St.  Real,  in  a memoir  inferted  among  thofe  of  the 
Royal  Academy  of  Sciences  at  Turin,  for  the  years  1788  and  1789,  of  which 
an  extradt  by  Berthollet  is  given  in  the  xth  volume  of  the  Annales  de  Chimie, 
p.  44,  gives  a number  of  interefting  experiments  refpedting  the  tanning  of 
fkins,  to  the  following  effedt. 

After  having  exhaufted  the  fkin  by  infufion  and  a fubfequent  ftrong  boiling 
with  water,  and  feparating  the  products  obtained  by  this  means,  the  author  has 
obferved,  that  the  fkin  then  confifts  of  nothing  but  the  mere  fibres.  In  the  next 
place  he  examined  the  ftate  of  tanned  leather  by  the  fame  means.  It  'afforded 
neither  lymph  nor  jelly,  bur  merely  an  aftringent  extradt  which  gave  a black  pre- 
cipitate when  applied  to  a folution  of  iron.  The  aftringent  principle  of  tanned 
leather  could  not  be  exhaufted  by  long  boiling  with  water,  for  it  at  laft  became 
black  when  moiftened  with  a folution  of  martial  vitriol. 

The  author  fhews,  that  all  the  operations  performed  upon  fkins  preliminary 
to  tanning  them,  confift  in  feparating  fuch  matters  as  are  of  a different  nature 
from  the  epidermes  and  the  fibres  which  conftitute  the  fkin,  in  order  that  the  af- 
tringent principle  may  afterwards  be  combined  with  thefe  animal  fibres.  He  af- 
terwards examines  the  different  proceffes  of  the  art  of  tanning,  analyfes  their  ad- 
vantages and  imperfedtions,  and  has  fucceeded  in  Amplifying  and  abridging 
them,  and  by  that  means  accelerating  the  return  of  capital,  of  which  the  inveft- 
ment  conftitutesa  large  part  of  the  price  of  leather.  With  this  view,  his  en- 
quiries were  diredted  to  afcertain  what  degree  of  heat  is  fufficient  to  extradt  the 
animal  jelly,  and  alfo  at  what  temperature  the  fibrous  texture  of  the  fkin  begins 
to  fuffer  alteration.  He  afcertained  that  the  heat  proper  to  diffolve  the  animal 
jelly  commences  at  48°  of  Reaumur,  which  correfponds  with  140°  of  Fahren- 
heit j and  that  the  fibrous  texture  is  capable  of  fuftaining  a degree  of  heat  beyond 
6o°  of  Reaumur  or  167°  of  Fahrenheit,  without  undergoing  any  alteration  in 
places  where  the  mean  temperature  of  the  barometer  is  26  inches  and  4 lines,  I 
fuppofe  French  meafure.  See  Measure. 

In  confequence  of  his  refearches  and  obfervations,  the  author  propofes  to  re- 
duce the  pradtice  of  the  art  of  tanning  to  the  following  particulars  : 

1 . The  fkins  are  to  be  kept  feparately  immerfed  in  running  water,  for  a time 
fufficient  to  extradt  the  lymph  or  ferum.  This  period  is  eafily  afcertained,  by 
putting  a piece  of  the  fkin  into  a fmall  quantity  of  water,  and  gradually  heating 
it.  If  it  contain  ferum,  this  matter  will  be  firft  extradted,  and  afterwards  coa- 
gulated in  the  form  of  fcum  on  the  furface.  If  therefore  no  fcum  appear,  the 
fkins  may  be  confidered  as  purified  from  lymphatic  matter. 

2.  Thefe  walhed  and  rinced  fkins  are  then  to  be  transferred  into  boilers  proper- 
ly adapted  for  the  purpofej  water  is  then  to  be  added,  and  heat  applied,  fo  that 
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the  temperature  of  the  water  may  not  exceed  6o*.  The  fkins  are  to  remain  in 
this  fituation  for  am  hour. 

3.  The  fkins  are  then  to  be  taken  out,  and  worked  in  the  ufual  manner,  to 
clear  them  of  their  impurities. 

4.  After  this  procefs  they  are  again  to  be  placed  in  the  boiler,  which  muft  be 
fodifpofed,  that  a conftant  dream  of  water  at  the  temperature  of  6o*  of  Reau- 
mur (hall  enter  by  one  cock,  and  pafs  off  by  another  on  the  oppofite  fide  be- 
neath. 

5.  The  fkins  are  to  remain  in  this  fituation  until  the  water  that  comes  off 
exhibits  no  veflige  of  animal  jelly.  This  is  eafily  afcertained  by  evaporating  a 
Email  quantity. 

6.  The  fkins  are  then  to  be  taken  out,  and  cleared  in  the  ufual  manner  of 
the  cellular  membrane,  and  flefliy  parts. 

7.  Laftly.,  they  are  to  be  wafhed  in  a running  dream,  and  replaced  in  a 
boiler,  fimilar  to  that  jud  mentioned,  which  is  to  be  filled  with  the  filtered  juice 
of  tan,  or  oak  bark.  The  fame  degree  of  heat  is  to  be  applied,  as  in  the  pre- 
ceding operation,  and  the  fkins  are  to  remain  until  they  are  perfedly  tanned. 
New  juice  of  tan  mud  be  fubdituted  from  time  to  time  in  the  room  of  that  which 
is  exhauded.  The  exhauded  date  is  diewn  by  its  not  having  power  to  afford  a 
black,  when  a few  drops  of  folution  of  martial  vitriol  are  added. 

The  operations  which  are  chiefly  pradifed  for  drong  leather,  conditute  the 
fird  part  of  M.  de  St.  Real’s  memoir  ; his  fecond  part  is  employed  on  the  cur- 
rying, which  is  performed  upon  the  foft  or  flexible  leathers. 

This  leather  is  mod  commonly  made  of  calf’s  fkin.  It  is  not  expofed  for  fo 
long  a time  to  the  adion  of  the  tan  as  the  drong  leather.  The  intention  of  the. 
art  of  the  currier  is  to  fupple  the  leather,  and  to  render  it  uniformly  compad  and 
denfe.  The  mod  remarkable  defed  in  the  ordinary  preparations  is,  that  the 
leather  is  more  or  lefs  penetrable  by  water.  This  defed  is  more  efpecially  ob- 
lervable  in  the  leather  commonly  ufed  for  the  fo'es  of  women’s  fyoes,  and  may 
evidently  be  of  great  prejudice  to  the  health  of  the  wearer.  The  author  propofes, 
befides  the  common  operations  of  currying,  that  the  fkin  fhould  be  impregnated 
with  tallow,  by  keeping  them  for  a certain  time  in  a bath  of  this  melted  fub- 
flance,  and  afterwards  pafling  them  between  rollers.  Experience  convinced 
him,  that  after  thefe  two  operations,  which  add  but  little  to  the  price  of  the 
leather,  it  much  more  eftedually  rdids  the  adion  of  water,  without  having  dif- 
fered any  diminution  of  drength. 

TAR.  If  the  wood  of  the  turpentine  trees  be  expofed  to  the  fire,  in  a veflel 
every  where  clofed  except  an  aperture  at  the  bottom,  as  for  example  in  a retort 
with  the  neck  placqd  lowermod,  the  refinous  juice  melts  out  by  the  heat,  and  at 
the  fame  time  contrads  an  empyreumatic  frnell  and  tafle  : in  this  date  it  is  tar. 
Tar  is  prepared  in  different  parts  of  Germany,  Norway,  Sweden,  & c.  from  the 
pine  and  the  fir-trees,  and  in  fome  places  from  the  larch  and  the  terebinth.  The 
wood  is  inclofed  in  a large  oven,  to  the  quantity  of  ten  or  more  loads  at  a time  ; 
this  dands  within  another  oven  called  the  mantle,  the  fpace  betwixt  them  re- 
ceiving the  fire  : from  the  bottom  of  the  inner  oven  runs  a gutter,  by  which 
the  tar  is  conveyed  off  in  proportion  as  it  melts  out  from  the  wood. 

The  above  account  is  from  Neumann.  Chaptal  informs  us,  that  tar  is  ob- 
tained from  the  wood  of  the  trunk,  branches  and  roots  of  the  pine,  which  are 
heaped  together,  covered  with  turf,  and  fet  on  fire  to  produce  a clofe  combuf- 
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tion  in  the  fame  manner  as  for  making  charcoal.  The  oily  pa/rts  which  are  dis- 
engaged trickle  down,  and  are  received  in  a gutter  which  ferves  to  convey  them 
to  a tub.  The  moft fluid  part  is  fold  under  the  name  of  huile  de  Cade;  and 
the  thicker  part  is  the  tar  ufed  for  paying  or  painting  the  parts  of  fhipping  and 
other  veffels.  ■ 

T ARRAS,  or  TERRAS.  A volcanic  earth  ufed  as  a cement.  It  does  not 
differ  much  in  its  principles  from  pouzzolana.  Kirwan  gives  the  following  ac- 
count of  them  : 

The  pouzzolana  is  of  a gray,  brown,  yellowifh,  or  blackifh  colour,  loofe, 
granular,  or  dufty,  and  rough,  porous,  and  fpungy,  refembling  a clay  hardened 
in  fire,  and  then  reduced  to  a grofs  powder.  It  contains  mixed  with  it  various 
heterogeneous  fubftances  : its  fpecific  gravity  is  from  2.5  to  2.8,  and  it  is  in  fome 
degree  magnetic  : it  fcarcely  effervefces  with  acids,  though  partially  foluble  in 
them  : it  melts  eafily  per  fe  ; but  its  moll  diflinguifhing  property  is,  that  it  har- 
dens very  fuddenly  when  mixed  with  one-third  of  its  weight  of  lime  and  water, 
and  forms  a cement  which  is  more  durable  in  water  than  any  other.  According 
to  Bergman’s  analyfis,  100  parts  of  it  contain  from  55  to  60  of  filiceous  earth, 
19  or  20  of  argillaceous,  5 or  6 of  calcareous,  and  from  15  to  20  of  iron. 
(3  Berg.  193).  It  is  evidently  a martial  argillaceous  marl  that  has  fuffered  a 
moderate  heat.  Its  hardening  power  arifes  from  the  dry  date  of  the  half-baked 
argillaceous  particles,  which  makes  them  imbibe  water  very  rapidly,  and  thus  ac- 
celerates the  defi.ccation  of  the  calcareous  part ; and  alfo  from  the  quantity  and 
femiphlogifticated  date  of  the  iron  contained  in  it.  It  is  found  not  only  in 
Italy,  but  alfo  in  France,  in  the  provinces  of  Auvergne  and  Limoges,  and  alfo 
in  England  and  elfewhere. 

Tarras  or  terras  is  much  more  compad,  hard,  porous,  and  fpungy  than 
pouzzolana.  It  is  generally  of  a whitifh-yellow  colour,  and  contains  more  hetero- 
geneous particles,  as  fpar,  quartz,  fhoerl,  &c.  and  fomething  more  of  a calca- 
reous earth.  It  effervefces  with  acids,  is  magnetic,  and  fufible  per  fe.  When 
pulverized,  it  ferves  as  a cement,  like  pouzzolana.  It  is  found  in  Germany  and 
Sweden. 

TARTAR  is  depofited  on  the  fides  of  calks  during  the  fermentation  of 
wine  : it  forms  a lining  more  or  lefs  thick,  which  is  fcraped  off.  This  is  called 
crude  tartar,  and  is  fold  in  Languedoc  from  ten  to  dfteen  livres  the  quintal. 

All  wines  do  not  afford  the  fame  quantity  of  tartar.  Neumann  remarked, 
that  the  Hungarian  wines  left  only  a thin  ftratum  ; that  the  wines  of  France 
afforded  more  ; and  that  the  Rhenifh  wines  afforded  the  pureft  and  the  greateft 
quantity. 

Tartar  is  diftinguifhed  from  its  colour  into  red  or  white  : the  firfl  is  afforded 
by  red  wine. 

The  pureft  tartar  exhibits  an  imperfedly  cryftallized  appearance ; the  form 
is  the  fame  as  Chaptal  has  afligned  to  the  acidulous  tartrite  of  pot-afh  ; and  it  is 
this  quality  which  is  called  grained  tartar  (tartre  grenu)  in  the  refineries  at 
Montpellier. 

The  tafte  of  tartar  is  acid  and  vinous.  One  ounce  of  water,  at  the  tempera- 
ture often  degrees  above  o of  Reaumur,  diffolves  no  more  than  ten  grains,  ac- 
cording to  Chaptal.  Others  however  affirm,  that  it  takes  up  near  twice  that 
quantity.  Boiling  water  diffolves  more,  but  it  falls  down  in  cryftals  by 
cooling. 
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Tartar  is  purified  from  an  abundant  extractive  principle,  by  procefles  which 
are  executed  at  Montpellier  and  at  V enice. 

The  following  is  the  procefs  ufed  at  Montpellier  : The  tartar  is  difiolved  in 
water,  and  fuffered  to  cryftallize  by  cooling.  The  cryftals  are  then  boiled  in 
another  veffel,  with  the  addition  of  five  or  fix  pounds  of  the  white  argillaceous 
earth  of  Murviel  to  each  quintal  of  the  fait.  After  this  boiling  with  the  earth, 
a very  white  fait  is  obtained  by  evaporation,  which  is  known  by  the  name  of 
cream  of  tartar,  or  the  acidulous  tartrite  of  pot-afh,  according  to  the  new  No- 
menclature. 

M.  Defmaretz  has  informed  us  (Journal  de  P'hyf.  1771)  that  the  procefs  ufed. 
at  Venice  confifts,  1.  in  drying  the  tartar  in  iron  boilers ; 2.  pounding  it,  and  dif- 
folving  it  in  hot  water,  which  by  cooling  affords  purer  cryftals;  3.  re-diflolving 
thefe  cryftals  in  water,  and  clarifying  the  folution  by  whites  of  eggs  and  allies. 

The  procefs  of  Montpellier  is  preferable  to  that  of  Venice.  T he  addition  of 
the  afhes  introduces  a foreign  fait,  which  alters  the  purity  of  the  produdt.  See. 
Acid  of  Tartar. 

TERRAS.  See  Tarras. 

TERRE  VERTE.  This  is  ufed  as  a pigment,  and  contains  iron  in  fome, 
unknown  ftate,  mixed  with  clay,  and  fometimes  with  chalk  and  pyrites ; alum', 
and  felenite  are  alfo  accidentally  found  with  it.  It  is  difficultly  foluble  in  acids,, 
is  not  magnetic  before  calcination,  and  becomes  of  a coffee  colour  when  heated. 
It  is  faid  to  afford  about  40  per  cent,  of  iron.. 

THERMOMETER.  In  the  prefent  cultivated  ftate  of  philpfophical  know- 
ledge, it  can  hardly  be  fuppofed  that  the  reader  has  not  feen  a thermometer.. 
Minute  defcription  is  therefore  unneceflary.  But  as  the  accurate  conftrudtion 
and  fubfequent  improvement  of  this  inftrument  muft  greatly  depend  on  the 
knowledge  which  thofe  who  ufe  it  may  poffefs  of  the  method  of  making  it  ± 
and  as  we  have  no  perfed  account  of  this,  there  can  be  no  doubt  but  a ffiort  re- 
lation of  the  whole  procefs,  from  experimental  knowledge,,  will  be  acceptable.. 

The  tubes  may  be  had  at  the  glafs-houfe  ; and  the  firft  care  of  the  artift  mufti 
confift  in  examining  if  their  cavities  be  equal  or  cylindrical  throughout.  This- 
is  done  by  immerfing  one  end  into  mercury,  and  withdrawing  it,  after  clofing 
the  other  end  with  the  finger.  . By  this  means,  a final]  quantity  of  mercury  will 
enter  the  tube,  which,  will  occupy  a longer  fpace  the  deeper  the  tube  is  im-. 
merfed.  Lay  the  tube  horizontally  upon  a graduated  rule,  and  obferve  the 
length  of  the  mercurial  column  in  different  parts  of  the  tube,  to  which  it  may, 
be  made  to  run  by  inclining  it  more  or  lefs.  If  the  length  continues  invariably 
the  fame,  it  is  a proof  that  the  tube  is  uniformly  cylindrical ; but  if  otherwife,. 
the  diameter- varies,,  and  the  tube  cannot  be  ufed  to  make  a good  thermometer, 
unlefs  the  graduations  in  the  different  parts  of  the  tube  be  lengthened  or  fhort-. 
ened,  in  proportion  to  the  meafures  of  the  mercurial  column., 

Dired  the  flame  of  a large  candle,  a watch-maker’s  lamp,  or,  which  Relearn 
lieft  and  beft  of  all,  a lamp  with,  fpirits  of  wine,  upon,  one  end  of  the  glafs 
tube,  by  means  of  the  blow-pipe.  The  extremity  will  foon  become  red  hot,  and 
in  a ftate  of  impeded  fufion.  Remove  the.  tube  from  the  flame,  and  blow 
into  its  other  end,,  and  the  heated  part,  w.ifl  be  inflated  fo  as  to  fprm  a bulb.. 
This  laft  inflation  is  the  moft  difficult  and  laborious  part  of  the  bufinefs  * but. 
it  may  be  performed  with  great  eafe  and  advantage,  by  previoufly  fattening  the 
tteck  of  one  of  the  fmall  bottles  of  elaftic  gum,  or  India  rubber,  about  the  end 
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of  the  tube  ; which,  when  the  other  end  is  ignited,  may  be  prefled  by  the  hand, 
fo  as  to  blow  the  bulb  very  com  mod  iou  fly,  and  without  the  introduction  of  any 
moifl  air. 

lmmerfe  the  open  end  of  the  thermometer  tube  into  fome  very  clean  dry  mer- 
cury that  has  been  boiled,  and  warm  the  bulb  with  a candle  ; part  of  the  air 
will  be  immediately  heard  rufhing  through  the  mercury  ; withdraw  the  candle, 
and  as  the  bulb  cools  the  mercury  will  rife  in  the  tube.  This  will  be  faci- 
litated by  holding  the  tube  as  near  an  horizontal  pofition  as  can  be  done,  without 
raifing  its  lower  end  above  the  furface  of  the  mercury.  In  this  way  the  bulb  will 
be  nearly  half  filled.  Without  altering  the  pofition  of  the  apparatus,  move  the 
whole  fo  that  the  bulb  may  be  held  over  a candle.  A fmall  candle  newly  fnuffed 
is  beft,  becaufe  of  the  fleadinefs  of  its  flame ; and  it  will  be  neceflary  to  wrap  a 
piece  of  paper  round  the  tube,  to  defend  the  finger  and  thumb  from  its  heat. 
The  mercury  will  foon  boil,  and  mod  of  the  remaining  air  will  be  heard  efcap- 
ing  from  the  bulb.  As  foon  as  thisefcape  has  ceafed,  remove  the  bulb  from  the 
candle,  and  it  will  be  fuddenly  filled  with  mercury  from  the  veflel. 

Take  the  thermometer  thus  filled  out  of  the  mercury,  and  wrap  round  its  open 
end  a piece  of  thin  paper,  in  fuch  a manner  as  to  leave  a cavity  beyond  the  tube,  at, 
lead  furficient  to  hold  as  much  mercury  as  the  bulb  contains  ; fecure  this  by  wrap- 
ping it  tight  with  packthread  about  the  tube ; then  put  a drop  of  mercury  into  the 
proper  cavity,  and  apply  the  bulb  again  over  the  fnuffed  candle,  holding  the  tube 
upright  between  the  finger  and  thumb,  or  a pair  of  fmall  pincers,  at  the  part 
wrapped  with  paper  and  packthread  ; the  mercury  will  foon  boil,  and  about  half 
the  contents  of  the  bulb  will  rufh  violently  up  the  tube  into  the  paper.  Remove 
the  bulb  from  the  candle,  and  the  mercury  will  fuddenly  return  ; then  boil  it 
again,  and  repeat  the  operation  till  the  fpeedy -boiling  of  the  mercury,  when, 
placed  over  the  candle*  and  the  diminifhed  noife  and  agitation,  fhew  that  the 
whole  has  been  well  heated,  and  deprived  of  the  air  or  moifture  which  might  have 
adhered  to  it. 

The  operation  of  boiling  will  fail,  if  the  mercury  or  the  infide  of  the  bulb 
be  moifl ; for  in  this  cafe  the  bulb  is  ufually  burft  by  the  mercurial  vapour ; the 
explofion  however  is  not  dangerous  : it  is  very  likely  to  happen  with  bulbs  blown 
by  the  mouth,  unlefs  they  be  kept  fome  weeks  in  a dry  place  before  they  are. 
filled.  The  fame  danger  makes  it  prudent  not  to  boil  the  mercury  flrongly  the 
firfl  or  fecond  time;  and  it  is  likewife  of  importance  to  keep  the  bulb  clear, 
of  the  flame,  as  the  contad  of  this  lad  againfl  the  empty  part  of  the  bulb  would: 
melt  it,  and  a hole  would  be  immediately  made  by  the  excluded  vapour- 

After  the  boiling  is  completed,  plunge  the  bulb  into  cold  water  whofe  tempe- 
rature is  known.  Melting  ice  or  fnow  (or  fnow  and  water)  always  has  the  tem- 
perature of  32*  of  Fahrenheit’s  feale.  Then  take  off  the  paper,  and  put  the 
bulb  into  the  hand,  and  afterwards  into  the  mouth  ; this  heating  will  caufe  fome 
of  the  mercury  to  drop  out  of  the  tube.  Cool  it  again  to  32®,  by  immerfing  it 
in  the  cold  water,  and  mark  where  the  mercury  (lands.  The  diflance  between, 
this  ftation  and  the  top  of  the  tube  meafures  the  interval  between  freezing  and. 
blood  heat,  or  32  and  95,  which  makes  63  degrees ; and  will  confequently  fhew 
whether  the  degrees  will  be  large  or  fmall,  and  what  extent  the  feale  is  capable 
of ; that  is  to  fay,  it  will  (hew  whether  the  bulb  is  of  the  proper  fize.  This 
laft,  fuppofing  the  judgment  of  the  operator  not  fufficient  to  proportion  the 
bulb  nearly  to  the  tube,  and  the  intended  'dale,  might  however  have,  been: 
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more  conveniently  afcertained  after  the  firfh  'filling,  before  the  boiling  had  been 
undertaken. 

When  the  number  of  degrees  to  which  the  length  of  the  tube  will  extend  is 
thus  known,  the  operator  moft  fettle  whereabouts  he  will  have  the  freezing 
point,  which  maybe  nearer  or  farther  from  the  bulb,  accordingly  as  he  intends 
the  inftrument  to  be  ufed,  more  particularly  to  afcertain  great  degrees  of  heat 
or  of  cold.  At  this  ftage  of  the  bufinefs,  likewife,  he  may  heat  the  upper  part 
of  the  tube  with  the  blow  pipe,  and  draw  it  out  to  a fine  capillary  tube  ready  for 
fealing.  The  bulb  muft  then  be  heated  in  the  candle,  till  a few  particles  of 
mercury  have  fallen  off  the  top  of  the  tube,  and  notice  muft  then  be  taken 
how  much  nearer  the  freezing  point  is  to  the  bulb  than  before,  which  may  be 
done  by  immerfing  it  in  the  melting  fnow  as  before.  If  it  be  not  as  low 
as  defired,  the  heating  muft  be  repeated,  carefully  obferving  not  to  throw  out 
too  much  mercury  at  a time.  When  the  due  quantity  of  mercury  is  thusadjufted, 
two  candles  muft  be  prepared,  the  one  to  heat  the  bulb,  and  the  other  to  clofe 
the  tube.  The  blow-pipe  being  in  readinefs,  the  upper  part  of  the  tube  near 
the  flame  of  one  candle,  and  the  bulb  near  the  flame  of  the  other,  the  mercury 
will  rife,  and  at  laft  begin  to  form  a globule  at  the  point  of  the  capillary  tube. 
At  this  inftant  the  bulb  muft  ‘be  withdrawn  from  the  lower  candle,  at  the  fame 
time  that  the  flame  of  the  upper  is  directed  by  the  blow- pipe  upon  the  point  of 
the  tube.  This  laft  will  be  immediately  ignited,  and  will  clofe  by  the  melt- 
ing of  its  parts,,  before  the  mercury  has  perceptibly  fubfided.  When  the 
mercury  has  fallen,  this  clofure  may  be  rendered  more  fecure  from  acci- 
dental breaking,  by  fufing  the  whole  point  of  the  tube  till  it  becomes  round. 

If  this  bufinefs  be  properly  done,  the  mercury  in  the  inftrument  thus  filled  will 
run  backwards  and  forwards  in  the  tube,  immediately  upon  inverting  its  fituation. 

In  the  original  graduation  of  thermometers,  two  fixed  points  of  temperature 
are  neceftary.  Tbefe  are  the  freezing  point  of  water,  or  temperature  of  ice  or 
fnow,  at  the  inftant  of  formation,  or  rather  when  it  is  juft  beginning  to  liquefy  ; 
and  the  boiling  point  of  water,  or  temperature  at  which,  under  a known  preflure, 
it  is  plentifully  converted  into  fteam.  For  the  fettling  the  freezing  point, 
nothing  more  is  neceftary  than  to  immerfe  the  thermometer  fo  deep  in  melt- 
ing/  fnow  or  ice,  as  that  the  mercury  may  be  barely  vilible  above  its  furface, 
and  carefully  mark  the  place  at  which  it  (lands.  The  boiling  point  is  not 
quite  fo  eafily  afcertained  ; crude,  hard,  or  faline  waters  acquire  a greater  heat  in 
boiling  than  fuch  as  are  purer  ; and  the  fame  water  will  acquire  a greater  heat 
under  a greater  prefture.  For  this  laft  reafon,  the  bailing  point  fhould  be  fixed 
according  to  the  decifion  of  the  committee  of  the  Royal  Society  ; namely,  when 
the  barometer  (lands  at  29,8  inches.  The  beft  method  is  to  provide  a veflel  fome- 
what  longer  than  the  thermometer,  with  a cover,  and  two  holes  in  it ; one  about 
an  inch  in  diameter,  for  the  fteam  to  efcape  ; and  the  other  fmailer,  for  the  thermo- 
meter tube  to  be  faftened  in  it.  When  this  is  ufed,  the  thermometer  muft  be 
fattened  in  the  cover,  fo  that  the  eftimated  place  of  the  boiling  point  may  be  juft 
above  the  hole.  Water  muit  be  put  in  the  veftel,  not  fufficient  to  touch  the  bulb 
of  the  thermbmeter  when  the  cover  (hall  be  put  on.  The  veflel  muft  then  be 
covered,  a thin  plate  of  metal  laid  on  the  fteam- hole,  and  the  water  made  to  boil 
by  heat  applied  to  the  bottom  only.  The  thermometer  will  be  then  furrounded 
with  fteam,  which  will  raife  its  temperature  to  the  boiling  point ; and  this  point 
muft  be  carefully  marked  on  the  tube.  The  following  method  may  be  more 
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convenient  to  thofe  who  are  not  provided  with  fuch  a veffel : Wrap  feveral  folds  of 
linen  rags  or  flannel  round  the  tube,  nearly  as  high  as  the  fuppofed  boiling  point ; 
hold  the  ball  of  the  thermometer  in  the  afcending  current  of  bailing ‘rain-water, 
about  two  or  three  inches  below  the  Surface-,  pour  boiling  water  on  the  rags 
three  or  four  times,  waking  a few  feconds  between  each  time ; and  wait  fome 
ftconds  after  the  laft  time  of  pouring  on  water,  in  order  that  the  water  may 
recover  its  full  ftrength  of  boiling,  which  is  confiderably  checked  by  the  pour- 
ing on  the  rags.  The  place  where  the  mercury  Hands  is' the  boiling-water' 
point. 

Notwithstanding  the  accurate  adjuftment  of  the  fixed  points  of  a thermo- 
meter, yet  if  the  tube  be  not  truly  cylindrical,  or  if  the  divifions  be  not  adjufted 
to  doe  inequalities  of  its  diameter,  the  errors  at  the  middle,  between  the  two 
fixed  points,  may  amount  to  more  than  a whole  degree.  A fmall  error  in  the 
Handing  of  thermometers  may  be  occafioned  by  the  varying  preffure  of  the 
' atmofphere,  which  alters  the  capacity  of  the  glafs  ; but  it  never  amounts  to 
fo  much  as  the  tenth  part  of  a degree.  Spherical  bulbs  are  lead  fubjedt  to 
this. 

Thermometers  which  from  the  great  length  of  their  degrees,,  or  for  any  other 
reafon,  are  made  to  take  in  but  a fmall  part  of  the  interval  between  the  two 
fixed  points,  are  ufually  graduated  by  comparifon  with  a flandard  thermo- 
meter. 

The  very  careful  boiling  of  the  mercury,  as  above  defcribed,  is  abfolutely 
neceffary  for  fuch  thermometers  as  are  to  be  fealed  when  full  ; for  if  there  were 
any  air  or  moiflure  left  in  the  bulb,  it  would  prevent  the  mercury  in  the  tube 
from  defcending  into  the  bulb,  fo  that  the  tube  would  continue  always  full. 
Thefe  thermometers  are  undoubtedly  the  beft ; but  the  vacuum  above  the  mer- 
cury does  not  feem  to  be  an  indifpenfable  requifite.  If  a clean  dry  tube  be  filled 
with  pure  boiled  mercury,  and  a fmall  bulb  be  left  at  the  top  of  the  tube,  to 
contain  common  air,  in  order  that  its  expanfion  or  condenfation,  produced  by 
the  change  in  the  mercurial  furface,  may  be  inconfiderable  ; there  Will  be  few 
practical  objections  againfl  fitch. a thermometer  ; more  efpecially  if  it  be  a Secon- 
dary inftrument,  graduated  by  means  of  a flandard.  There  are  fome  thermo-  - 
meters  made  with  tubes  fo  very  fmall,  and  bulbs  fo  large  in  proportion  to  them, 
that  they  will  not  admit  of  boiling  the  mercury  in  them,  but  are  filled  with 
boiled  mercury  by  means  of  a -condenfer.  Thefe  are  necelTarily  of  the  kind 
here  mentioned. 

The  thermometers  moft  in  ufe  at  prefentare  Fahrenheit’s,  Reaumur’s,  and- 
Celfius’.sA  In  Fahrenheit’s  fcale  the  number  of  degrees  between  the  freezing  and 
boiling  water  point  is  180;  the  freezing  point  , being  at  320,  and  the  boiling 
point  at  2120,  both  above  o®,  or  the  part  from  which  the  degrees  are  reckoned  ; 
both  ways.  In  Reaumur’s  fcale,  the  number  of  degrees  between  thefe  two  ■ 
points  is  80,  and  the  freezing  point  is  called  o°,  from  which  the  degrees  are 
reckoned  both  ways.  In  Celfius’s  thermometer,  the  interval  is  divided  into  - 
100®,  and  the  freezing  point  is  called  o°,  as  in.  Reaumur’s.  To  reduce  thefe 
Scales  to  each  other,  it  mull  be  obferved,  that  one  degree  of  Fahrenheit’s  is  - 
equal  to  -■  of  a degree  of  Reaumur,  and  to  -f  of  a degree  of.Celfius.  There- 
fore, if  the  number  of  degrees  of  Fahrenheir,  reckoned  above  or  below  the  ' 
freezing  point,  be  multiplied  by  4,  and  divided  by  9,  the  quotient  will  be  the 
correfponding  number  on  Reaumur’s  fcale.  Or  if  the  multiplier  5 and  the 
divifor  9 be  ufed,  the  quotient  will  give  the  degrees  of  Celfius’s  fcale.  And, 
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contrariwife,  if  any  number  of  degrees,  either  of  Reaumur  or  Celfius,  be  mul- 
tiplied by  9,  and  divided  by  4 if  of  Reaumur,  or  by  5 if  of  Celfius,  the  quo- 
tient will  give  the  degrees  of  Fahrenheit,  reckoned  either  above  or  below  the 
freezing  point,  as  the  cafe  may  be. 

TIN  is  a metal  of  a yellowifh- white  colour,  confiderably  harder  than  lead, 
fcarcely  at  all  fonorous,  very  malleable,  though  not  very  tenacious.  Wires 
cannot  be  made  of  it ; but  under  the  hammer  it  is  extended  into  leaves,  called 
tin  foil,  which  are  about  one-thoufandth  of  an  inch  thick,  and  might  eafily  be 
beaten  tolefs  than  half  that  thicknefs,  if  the  purpofes  of  trade  required  it.  The 
procefs  for  making  tin  foil  confifts  fimply  in  hammering  out  a number  of  plates  of 
this  metal,  laid  together  upon  a fmooth  block,  or  plate  of  iron.  The  fmalleft 
lbeets  are  the  thinned:.  Its  fpecific  gravity  is  lefs  than  that  of  any  other  malleable 
metal.  Long  before  ignition,  it  melts  at  about  the  410th  degree  of  Fahrenheit’s 
thermometer,  and  by  a continuance  of  the  heat  it  is  flowly  converted  into  a 
white  powder  by  calcination.  Like  lead,  it  is  brittle  when  heated  almoft  to 
fufion,  and  exhibits  a grained  or  fibrous  texture,  if  broken  by  the  blow  of  a ham- 
mer ; it  may  alfo  be  granulated  by  agitation  at  the  time  of  its  tranfition  from  the 
fluid  to  the  folid  ftate.  The  calx  of  tin  refifts  fufion  more  ftrongly  than  that  of 
any  other  metal ; from  which  property,  it  is  ufeful  to  form  an  opake  white  enamel 
when  mixed  with  pure  glafs  in  fufion.  The  brightnefs  of  its  furface  when  fcraped, 
foon  goes  off  by  expofure  to  the  air  ; but  it  is  not  fubjed  to  ruft  or  corrofion  by 
expol'ure  to  the  weather. 

Concentrated  vitriolic  acid,  aftifted  by  heat,  diffolves  half  its  weight  of  tin, 
at  the  fame  time  that  vitriolic  acid  air  efcapes  in  great  plenty.  By  the  addition 
of  water  a calx  of  tin  is  precipitated.  Vitriolic  acid,  flightlv  diluted,  likewife 
ads  upon  this  metal ; but  if  much  w'ater  be  prefent,  the  folution  does  not  take 
place.  In  the  vitriolic  folution  of  tin  there  is  an  adual  formation,  or  extrication 
of  fulphur,  which  renders  the  fluid  of  a brown  colour  whilft  it  continues  heated, 
but  fubfides  by  cooling.  The  tin  is  likewife  precipitated  in  the  form  of  a white 
calx  by  a continuance  of  the  heat,  or  by  long  Handing  without  heat.  This 
folution  affords  needle-formed  cryftals  by  cooling. 

Nitrous  acid  and  tin  combine  together  very  rapidly,  without  the  affiftance  of 
heat.  Moft  of  the  metal  falls  down  in  the  form  of  a white  calx,  extremely  dif- 
ficult of  redudion ; and  the  fmall  portion  of  tin  which  remains  fufpended,  does 
not  afford  cryftals,  but  falls  down,  for  the  moft  part,  upon  the  application  of  heat, 
to  infpiffate  the  fluid.  The  ftrong  adion  of  the  nitrous  acid  upon  tin  produces 
a fingular  phenomenon,  which  is  happily  accounted  for  by  the  modern  difcoveries 
in  chemiftry.  M.  de  Morveau*  has  obferved,  that,  in  a folution  of  tin  by  the 
nitrous  acid,  no  elaftic  fluid  was difengaged,  but  that  volatile  alkali  was  formed. 
This  alkali  muft  have  been  produced  by  the  phlogifticated  air  of  that  part  of  the 
nitrous  acid  which  was  employed  in  affording  pure  air  to  calcine  the  tin.  The 
phlogifticated  air  muft  therefore  have  combined  with  inflammable  air  : but  whe- 
ther this  inflammable  air  was  afforded  by  a decompofition  of  the  water  of  the  men- 
ftruum,  or  whether  it  came  from  the  phlogifton  of  the  tin,  is  a queftion  that  muft 
remain  undetermined,  until  decifive  experiments  have  been  made  for  the  efta- 
bliihment  of  one  or  the  other  of  the  two  theories,  which  at  prefent  divide  the 
chemical  world. 

The  marine  acid  diffolves  tin  very  readily,  at  the  fame  time  that  it  becomes  of 

* Kirvan  on  Phlogifton,  2d  edition,  p.  234. 
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a darker  colour,  and  ceafes  to  emit  fumes.  A flight  effervefcence  takes  place 
with  the  difengagement  of  a fetid  inflammable  gas.  Marine  acid  fufpends  half 
its  weight  of  tin,  and- does  not  let  it  fall  by  repofe.  It  affords  permanent  cryftals 
by  evaporation.  If  the  tin  contain  arfenic,  it  remains  undiflolved  at  the  bottom 
of  the  fluid. 

Dephlogifticated  marine  acid  diflolves  tin  very  readily,  and  without  fenfible 
effervefcence.  The  folution  itfelf  does  not  appear  to  differ  from  the  foregoing. 

Aqua  regia,  confiding  of  two  parts  nitrous  and  one  marine  acid,  combines 
with  tin  with  effervefcence,  and  the  developement  of  much  heat.  In  order  to 
obtain  a permanent  folution  of  tin  in  this  acid,  it  is  neceflary  to  add  the  metal  by 
fmall  portions  at  a time  ; fo  that  the  one  portion  may  be  entirely  diflolved  before 
the  next  piece  is  added.  Aqua  regia,  in  this  manner,  diflolves  half  its  weight 
of  tin.  The  folution  is  of  a reddilh  brown,  and  in  many  inftances  aflumes  the 
form  of.a  concrete  gelatinous  fubftance.  The  addition  of  water  fometimes  pro- 
duces the  concrete  form  in  this  folution,  which  is  then  of  an  opal  colour,  on  ac- 
count of  the  calx  of  tin  diffufed  through  its  fubftance.  The  uncertainty  attending 
thefe  experiments,  with  the  folution  of  tin  in  aqua  regia,  feems  to  depend  upon 
the  want  of  a fufficient  degree  of  accuracy  in  afcertaining  the  fpecific  gravities  of 
the  two  acids  which  are  mixed,  the  quantities  of  each,  and  of  the  tin,,  together 
with  that  of  the  water  added.  It  is  probable  that  the  fpontaneous  affumption  of 
the  concrete  ftate  depends  upon  water  imbibed  from  the  atmofphere.  The  fo- 
lution of  tin  in  aqua  regia  is  ufed  by  degrees  to  heighten  the  colours  of  cochineal, 
gum  lac,  and  fame  other  red  tinctures,  from  crimfon  to  a bright  fcarlet,  in  the 
dying  of  woollens. 

M.  Hermftasdthasfucceeded  in  theaftual  acidification  of  this  metal,  by  treat- 
ing it  with  the  marine  and  nitrous  acids.  He  diflolves  pure  tin  in  pure  marine 
acid,  and  boils  this  folution  with  nitrous  acid  (diftilled  from  manganefe),  until 
the  red  vapours  ceafe  to  appear.  The  fluid,  which  is  then  limpid,  is  expofed 
to  diftillation,  until  the  whole  of  the  marine  and  nitrous  acids  have  been  diflipated. 
The  white  remaining  mafs  is  foluble  in  three  parts  of  water,  and  is  the  acid  of 
tin.  A red  heat  converts  this  matter  inro  a yellow  tranfparent  fubftance,  neither 
acid  nor  foluble  in  water ; but  it  regains  both  properties  by  a few  weeks  expofure 
to  the  air*. 

The  acetous  acid  fcarcely  a<fts  upon  tin.  The  operation  of  other  acids  upon 
this  metal  has  been  little  enquired  into. 

When  equal  parts  of  an  amalgam  of  tin  and  mercury,  and  of  corrofive  fubli- 
mate,  are  triturated  together,  and  the  mixture  expofed  to  diftillation  in  a retort, 
by  a very  gentle  heat ; a colourlefs  fluid  firft  comes  over,  which  is  followed  by 
a thick  white  fume,  which  becomes  condenfed  into  a tranfparent  liquor,  called 
the  fuming  liquor  of  Libavius,  on  account  of  the  copious  fumes  it  emits  when 
the  veflel  that  contains  it  is  opened.  On  account  of  the  confiderable  volatility, 
of  this  liquid,  it  rifes  partly  in  the  form  of  flowers  to  the  top  of  the  bottle  in 
which  it  is  put ; fo  that,  in  the  courfe  of  feveral  months,  it  becomes  entirely 
clofed.  The  compofilion  and  effedls  of  this  liquid  were  but  imperfectly  known 
until  lately,  when  Mr.  Adet  made  feveral  ingenious  experiments  upon  it.  By 
expofing  this  liquid  under  receivers  containing  dry  air,  over  mercury,  he  found 
that  the  volatile  fluid  arofe,  and  lifted  the  veflel  with  cryftals,  when  water  was 
prefent,  though  very  few  cryftals  were  formed  when  the  air  was  as  dry  as  it  could 
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be  made.  He  obferved  likewife,  that  when  water  was  added  to  the  fuming 
liquor  of  Libavius,  it  became  folid,  and  ceafed  to  emit  fumes.  A precife  quan- 
tity of  water  is  required  to  produce  this  effedt  in  the  moft-  perfed  manner.  If 
the  quantity  of  water  be  too  fmall,  the  liquor  retains  more  or  lefs  of  its  difpo- 
fltion  for  the  fluid  ftate  ; and  if  it  be  too  confiderable,  the  fluidity  of  the  water 
prevails.  By  feveral  trials  he  found,  that  the  due  proportion  of  water  to  be 
added  to  the  fuming  liquor  of  Libavius  was  7 to  22.  A kind  of  ebullition,  or 
efcape  of  bubbles,  was  produced  during  the  combination;  which,  on  examina- 
tion, was  found  to  arife  from  the  efcape  of  the  air  previoufly  contained  in  the 
fluid  water.  He  found  likewife,  that  this  concrete  fubftance,  when  rendered  fluid 
by  an  inereafe  of  temperature,  was  capable  of  diflolving  more  tin,  without  the 
difengagement  of  inflammable  air.  After  the  concrete  fubftance  was  faturated 
with  tin,  it  could  no  longer  be  fublimed,  but  might  be  made  to  undergo  a red 
heat,  during  which  time  there  was  an  efcape  of  vapours,  confiding  of  tin  com- 
bined with  the  marine  acid  ; and  after  a ftrong  heat,  the  refidue  was  a.white  calx  of 
tin.  It  appeared  therefore,  that  the  liquor  of  Libavius,  rendered  concrete  by 
water,  and  faturated  with  tin,  refembles  in  its  properties  the  common  folution  of 
tin  in  the  marine  acid. 

From  thefe  circumftances  Mr.  Adet  concludes,  that  the  tin,  by  ftronger  af- 
finity, combines  with  the  aerated  or  dephlogifticated  marine  acid  of  the  corrofive 
fublimate  with  which  it  is  heated  ; that  this  combination  contains  no  water  ; and 
that,  as  it  abounds  with  a fubftance  of  flich  extreme  volatility  as  that  aerated 
acid,  its  freezing  point  is  very  low,  infomuch  that  it  is  habitually  fluid  ; that  the 
addition  of  w'ater,  in  a due  proportion,  alters  the  freezing  point,  and  renders  it 
concrete  at  a common  temperature  ; and  laftly,  that  the  ftate  of  the  marine  acid 
in  this  fubftance  is  that  which  is  called  aerated,  or  dephlogifticated ; which  is 
proved,  as  well  from  the  experiments  which  afcertain  that  ftate  in  corrofive  fubli- 
mate, as  from  fimilar  experiments  with  the  fuming  liquor,  which-,  as  has  been 
obferved,  is  capable  of  diflolving  more  tin  without  difengaging  inflammable  air  ■, 
the  fuming  liquor  of  Libavius  has  therefore  the  fame  relation  to  the  common 
folution  of  tin  as  corrofive  fublimate  has  to  calomel*. 

The  refidue,  after  the  diftillation  by  which  the  fuming  liquor  of  Libavius  is 
produced,  confifts  of  tin  combined  with  the  marine  acid, 'calomel,  and  running 
mercury,  which  fublime  into  the  roof  and  neck  of  the  retort ; and  at  the  bottom 
is  found  an  amalgam  of  mercury  and  tin,  covered  with  a faline  combination  o£ 
marine  acid  with  tin,  and  fuch  other  metals  as  the  tin  may  have  been  adulterated 
with.  Much  information  may  be  derived  from  the  foregoing  experiments  of 
Mr.  Adet  refpedting  the  phenomena  producedwhen  tin  is  difl'olved  in  aqua  regia. 

Earthy  fubftances  do  not  appear  to  affeft  this  metal  in  the  dry  way.  It  deto- 
nates very  rapidly  with  nitre,  and  becomes  converted  into  a calx,  which  partly 
combines  with  the  alkali.  All  the  vitriolic  falts  are  decompofed  by  tin.  The  tin 
becomes  calcined,  and  the  vitriolic  acid  converted  into  fulphur,  either,  by  the 
phlogifton  of  the  metal,  according  to  the  ancient  theory,  or  by  the  fu-btradlion 
of  its  vital  air,  according  to  the  modern  theory.  This  fulphur  appears  to  com- 
bine with  the  alkali,  or  earth  of  the  fait,  with  which  it  forms  an  hepar  that  diflolves 
part  of  the  calx. 

Sal  ammoniac  is  very  readily  decompofed  by  tin.  Alkaline  and  inflammable  air 
are  difengaged,  and  a concrete  marine  fait  remains  behind,  which  in  fome  mea- 

* Anaaks'de  Chimie,  i. 
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fure  refembles  the  faming  liquor  of  Li  bavins.  The  volatile  alkali,  or  alkaline 
air,  which  efcapes,  is  difengaged  by  virtue  of  the  fuperior  affinity  of  the  calx  of 
tin  with  the  marine  acid,  at  the  temperature  of  the  experiment.  The  inflamma- 
ble air,  which  likewife  flies  off,  is  a confequence  of  the  calcination  of  the  tin,  or 
the  decompofidon  of  the  water,  according  to  the  theory  which  may  be  applied  in 
the  explanation.  Notwithftanding  the  facility  with  which  this  metal  decompofes 
fal  ammoniac,  there  is  an  inconvenience  refulting  from  its  ufe  which  depends  on 
the  great  fufibility  of  this  metal ; in  confequence  of  which,  it  cannot  be  intimately 
mixed  with  the  fal  ammoniac,  but  remains  at  the  bottom  of  the  veffel  in  tire 
fluid  (late,  while  part  of  the  fal  ammoniac  eludes  its  a&ion,  and  is  fublimed  entire. 

If  the  cryftals  of  the  faline  combination  of  copper  with  the  nitrous  acid  be 
grofsl-y  powdered,  moiftened,  and  rolled  up  in  tin-foil,  the  fait  deliquefces,  ni- 
trous fumes  are  emitted,  the  mafs  becomes  hot,  and  fuddenly  takes  fire.  In 
this  experiment  * the  rapid  tranfition  of  the  nitrous  acid  to  the  tin,  is  fuppofed 
to  produce  or  develope  heat  enough  to  fet  fire  to  the  nitrous  falts ; but  by  what 
particular  changes  of  capacity  has  not  been  fhewn. 

If  fulplnir,  in  powder,  be  added  to  about  five  times  its  weight  of  melted  tin, 
the  two  fubftances  combine,  and  form  a black  compound,  which  takes  fire, 
and  is  much  lefs  eafily  fufed  than  tin  itfelf.  The  mafs  is  brittle,  and  of  a 
needled  texture. 

The  combination  of  tin  and  fulphur  forms  -a  compound  called  aurum  mufivumy 
which  fee. 

When  tin  is  heated  with  phofphoric  acid  and  charcoal,  the  metal  appears  to 
be  very  little  changed.  A combination,  however,  feems  to  take  place  ; for  the 
phofphorus  burns  on  the  furface  of  the  metal  when  heated  by  the  blow-pipe. 

Tin  unites  with  bifmuth  by  fufion,  and  becomes  harder  and  more  brittle  in  pro- 
portion to  the  quantity  of  femi-metal  added.  With  nickel  it  forms  a white  brilli- 
ant mafs.  It  cannot  eafily  be  united  in  the  dire<5t  way  with  arfenic^  on  account 
of  the  volatility  of  this  femi-metal ; but  by  heating  it  with  the  combination  of 
the  arfenical  acid  and  vegetable  alkali,  the  fait  is  partly  decompofed  j and  the  tin 
combining  with  the  acid  becomes  converted  into  a brilliant  brittle  compound, 
of  a plated  texture.  It  is  thought  that  all  tin  contains  arfenic  ; and  that  the 
crackling  noife  which  is  heard  upon  bending  pieces  of  tin,  is  produced  by  this 
impurity.  Cobalt  unites  with  tin  by  fufion  ; and  forms  a grained  mixture  of  a 
colour  flightly  inclining  to  violet.  Zinc  unites  very  well  with  tin,  increafing  its 
hardnefs,  and  diminifhing  its  dudfility,  in  proportion  as  the  quantity  of  zinc  is 
greater.  This  is  one  of  the  principal  additions  ufed  in  making  pewter,  which 
confifts  for  the  moft  part  of  tin.  The  bed  pewter  does  not  contain  above  one- 
twentieth  part  of  admixture,  which  confifts  of  zinc,  copper,  bifmuth,  or  fuch 
other  metallic  fubftances  as  experience  has  Ihewn  to  be  moft  conducive  to  the 
improvement  of  its  hardnefs  and  colour.  The  inferior  .forts  of  pewter,  more 
efpecially  thofe  ufed  abroad,  contain  much  lead,  have  a blueifh  colour,  and  are 
foft.  The  tin  ufually  met  with  in  commerce  in  this  country,  has  no  admixture  to 
impair  its  purity,  except  fuch  as  may  accidentally  elude  the  workmen  at  the 
mines.  But  the  tin  met  with  in  foieign  countries  is  fo  much  debafed  by  the 
dealers  in  that  article,  efpecially  the  Dutch,  that  pewter  and  tin  are  confidered 
abroad  as  the  fame  fubftance.  Regulus  of  antimony  forms  a very  brittle,  hard 
mixture  with  tin > the  fpecific  gravity  of  which  is  lefs  than  would  have  been  de- 

* Of  Dr.  Higgins,  Pbilof.  Tranf.  Ixiii.  p.  137. 
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duced  by  computation  from  the  fpecific  gravities  and  quantities  of  each,  fepa- 
rately  taken.  Wolfram  fufed  with  twice  its  weight  of  tin  affords  a brown 
fjrongy.ca'lx,  which  is  fomewhat  du&ile. 

Tin  is  fcarcely  ever  found  native.  Native  tin  may  be  analyfed  in  the  moift 
way,  by  the  application  of  nitrous  acid,  which  calcines  the  tin,  and  diflolves 
the  other  metals  it  may  contain.  One  hundred  and  forty  grains  of  the  wafhed 
and  dried  calx  are  equivalent  to  one  hundred  grains  of  metallic  tin.  The  me- 
tallic admixtures  may  be  feparated  from  the  nitrous  acid,  by  methods  adapted 
to  their  refpedive  properties ; which  may  be  eafily  gathered  from  what  has 
been  obferved  in  the  humid  analyfis  of  the  metals  before  treated  of. 

The  calciform  Ofes  of  tin  are — tin  fpar,  which  is  generally  of  a whitifti  or 
gray  colour,  fometimes  greenifh  or  yellowifb,  femi-tranfparent,  and  cryftallized 
in  a pyramidal  form,  or  irregularly— opake  brown  or  black  tin  ore,  cryftal- 
lized and  embodied  in  quartz,  floor,  or  mica,  or  mixed  with  white  and  yellow 
pyrites  ; thefe  ores  contain  a mixture  of  iron — the  reddifli-yellow,  or  garnet 
ore,  which  contains  more  of  iron  than  tin — and  the  tin-ftone,  vulgarly  called 
load-ftones,  which  contain  ftill  lefs  tin.  See  Ores  of  Tin. 

It  was  formerly  fuppofed  that  tin  was  frequently  mineralized  by  arfenicj  but 
it  is  now  admitted,  that  the  arfenic  which  may  be  contained  in  tin  is  afforded 
by  the  matrix.  The  fcarcity  of  fulphureous  tin  ores  was  likewife  confidered, 
till  lately,  as  a very  Angular  fad,  on  account  of  the  facility  with  which  that 
fubftance  unites  to  tin  : fuch  combinations  however  have  fince  been  found. 
The  native  aurum  mufivum,  from  Siberia,  is  of  this  kind  : and  a very  confider- 
able  vein  of  tin  in  combination  with  fulphur,  and  an  admixture  of  copper  and 
iron,  has  been  found  in  Cornwall*.  The  analyfis  of  tin  ores  in  the  humid 
way  is  an  objed  of  fome  difficulty  5 becaufe  they  are  not  aded  upon  effedually 
either  by  the  vitriolic,  nitrous,  or  marine  acids,  or  by  an  aqua  regia.  The  me- 
thod of  Bergman  is  as  follows  : The  ore  muft  be  reduced  to  a very  fubtle  pow- 
der by  levigation  and  elutriation.  This  laft  procefs  confifts  in  agitating  any 
powder  in  water,  which  is  heavy  enough  to  fink  in  that  fluid.  The  particles 
will  be  refilled  in  their  defcent,  according  to  the  furfajdes  they  oppofe  againft  the 
fluid.  It  is  fcarcely  necefiary  to  obferve,  that  a larger  body  prefents  a lefs  fur- 
face  to  be  refilled,  than  the  fame  body  would  oppofe  if  it  were  divided  into 
parts.  For  this  reafon,  when  a powder  confifting  of  particles  of  the  fame  den- 
flty,  but  different  magnitudes,  is  agitated  in  a flighter  fluid,  the  largefl  pieces 
come  firft:  to  the  bottom  : and  hence  the  method  of  elutriation  enables  us  to  al- 
fort  the  various  particles  of  a powder  according  to  their  magnitudes,  by  firft 
agitating  the  fluid,  and  fucceffively  decanting  it  into  different  veflels.  Thus, 
for  example,  if  the  water  be  decanted  five  feconds  after  the  agitation,  it  will 
leave  a powder  behind  it ; if  it  be  again  decanted  at  the  end  of  five  feconds 
more,  the  fecond  veflel  will  contain  a much  finer  powder  than  the  foregoing  ; 
and,  by  a third  decantation,  a ftill  more  fubtile  powder  will  be  obtained.  This 
is  the  method  applied  in  the  preparation  of  the  white  calx  of  tin,  called  putty,, 
and  ufed  for  polifhing  fine  metallic  fpeculums,  and  the  objed  lenfes  of  tele- 
fcopes  ; and  in  this  way  the  tin  ore  to  be  analyfed  may  be  reduced  to  a very 
fubtile  powder,  by  levigating  and  again  waffling  the  coarfe  refidue  which  fubfides 
in  the  firft  veflel.  It  may  be  obferved,  that  the  fucceflive  decantations  are  un- 

* See  Magellan’s  Cronftedt,  p.  637.  The  contents  of  one  fpetimen  were  30  parts  fulphur,. 
41  tin,  43  copper,  ziron,  and  3 ftony  matrix. 
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neceffary  where  the  very  fineft  powder  only  is  wanting  ; becaufe  this  may  be  as 
well  obtained  by  fufFering  the  water  to  ftand  a fufficient  time  before  it  is  de- 
canted off  at  firft.  To  the  very  fubtile  powder  of  tin  ore,  thus  afforded,  a 
quantity  of  concentrated  vitriolic  acid  muff:  be  added,  and  kept  in  a ftrong  di- 
gefting  heat  for  feveral  hours.  A fmall  portion  of  concentrated  marine  acid 
muft  be  poured  into  this  when  cold.  A ftrong  effervefcence  takes  place  with 
confiderable  heat,  and  the  efcape  of  marine  acid  air,  which  has  been  deprived 
of  its  water  by  the  vitriolic  acid.  After  the  expiration  of  an  hour  or  two, 
fome  water  muft  be  added,  and  the  clear  liquor  decanted.  The  fame  operation, 
muft  be  repeated  with  the  refiduum,  until  the  acids  can  diffolve  no  more  : and 
nothing  will  then  remain  but  the  ftony  matrix.  The  folution,  when  precipi- 
tated by  means  of  mild  alkali,  will  afford  100  grains  of  metallic  tin  for  each 
132  grains  of  precipitate,  when  wafhed  and  dried.  If  the  precipitate  do  not 
confift  of  pure  tin,  but  contain  copper  or  iron,  it  muft  be  calcined  for  an  hour 
in  a red  heat ; then  digefted  in  nitrous  acid,  which  will  take  up  the  copper  j 
and  afterwards  in  marine  acid,  which  will  diffolve  the  iron. 

In  the  dry  way,  after  pulverization,  and  feparation  of  the  ftony  matter  by 
waffling,  the  tin  ores  may  be  haftily  fufed  with  rwice  their  weight  of  a mixture 
of  pitch  and  calcined  borax,  in  a crucible  lined  with  charcoal,  and  covered  ; 
or  the  ore  may  be  mixed  with  twice  its  weight  of  tartar,  one  part  of  black  flux, 
and  half  a part  of  refin.  This  mixture  being  then  divided  into  three  parts, 
each  part  muft  be  fucceflively  projected  into  a crucible  ignited  to  whitenefs, 
which  muft  be  immediately  covered  as  foon  as  the  portion  thrown  in  ceafes  to 
flame. 

The  operation  of  reducing  tin  ores  in  the  large  way,  is  conducted  upon  limilar 
principles.  When  impure,  they  are  cleanfed  from  foreign  admixtures,  by  fort- 
ing,  pounding,  and  waffling.  A flight  previous  roafting  renders  the  ftony  parts- 
more  friable ; and  when  arfenic  is  contained  in  the  matrix,  it  is  driven  off  by  a 
ftrong  beat,  continued  for  a ffiort  time  > the  ore  being  frequently  ftirred,  to 
prevent  its  running  together  by  fufion.  In  the  fmelting  of  the  ore,  care  is  taken 
to  add  a larger  quantity  of  fuel  than  is  ufual  in  the  reviving  of  other  metals 
and  to  avoid  a greater  heat  than  is  neceffary  to  reduce  the  ore,  in  order  that  the 
lofs  by  calcination  may  be  prevented  as  much  as  poflible.  See  Ores,  p.  609. 

Tin  is  a metal  which,  as  far  as  our  prefent  information,  extends,  is  not  very 
much  diffufed.  It  is  found  in  Bohemia  and  Saxony,  and  on  the  ifland  of  Ma- 
lacca in  the  Eaft  Indies.  But  the  largeft  quantities,  at  leaft  for  the  European 
confumption,  are  found  in  England  ; particularly  in  the  county  of  Cornwall. 
This  ifland  has  been  famous  for  its  tin  mines  from  the  remoteft  periods  of  his- 
tory ; and  would  not,  probably,  have  been  frequented  by  the  ancient  Phoenician 
navigators,  if  they  had  not  been  attrafted  hither  by  the  great  plenty  of  tin  with 
which  it  abounds.  Several  etymologifts  have  endeavoured  to  fhew,  that  the 
name  of  Britain  is  derived  from  a word  common  to  the  Syrian  and  Chaldaeam 
languages,  denoting  tin  ; but  on  this  no  great  ftrefs  can  be  laid. 

The  ufes  of  tin  are  very  numerous,  and  fo  well  known,  that  they  fcarcely 
need  be  pointed  out.  Several  of  them  have  been  already  mentioned.  The 
tinning  of  iron  and  copper,  the  filvering  of  looking-glaffes,  and  the  fabrication 
of  a great  variety  of  veffels  and  utenfils  for  domeftic  and.  other  ufes,  are  among 
the  advantages  derived  from  this  metal. 

TINCAL  Crude  borax,  as  it  is  imported  from  the  Eaft  Indies  in  yellow 
greafy  cryftals,  is  called  tincaL  Its  origin  was  long  unknown,  or  related  in  fuch 
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a manner  by  traveller,  that  philofophical  enquiries  Teemed  to  have  given  them 
little  credit.  Forfe-veral  authentic  accounts,  Tee  the  article  Borax.  Mr.  Hoe- 
fer,  who  afcertained  tbeexiftence  of  the  acid  of  borax  in  certain  lakes  in  Tuf- 
cany,  publifhed  an  exprefs  treatife  on  this  fubjedt  in  the  year  1778,  which  I have 
not  feen,  but  of  which  a (hort  extract  is  given  in  the  Journal  de  Phyfique  for 
June  1779.  Several  of  his  narratives  refpedting  its  origin  agree  with  thofe  in- 
ferred in  the  article  laft  referred  to.  He  mentions  as  a fadf,  that  the  Thibetians 
draw  off' the  waters  of  certain  lakes,  for  the  purpofe  of  obtaining  the  cryftals 
which  are  found  among  the  mud  at  the  bottom,  and  that  this  mud  emits  danger- 
ous and  very  cauftic  exhalations. 

The  method -of  refining  borax  in  Holland,  according  to  him,  is  as  follows  : 
One  hundred  pounds  of  crude  borax  from  India  afford  eighty  pounds  of  the 
refined  fort.  The  impure  fait  is  very  difficult  of  folution.  Double  the  weight 
of  hot  water  is  added  to  a given  weight  of  the  fait,  and  afterwards  decanted  elf. 
A like  quantity  of  hot  water  is  again  added,  and  thefe  equal  additions  of  wa- 
ter and  decantations  are  repeatedly  made  for  eight  or  ten  times  before  the  whole  of 
the  faline  matter  is  extra&ed.  By  this  means  eight  or  ten  cryftallizations  of  borax 
are  obtained,  which  differ  from  each  other  in  colour,  figure,  tranfparence,  and 
weight.  After  the  crude  borax  is  thus  deprived  of  the  foreign  earthy  and  ftony 
matters,  it  is  difpofed  for  folution  by  macerating  it  in  its  own  weight  of  hot  wa- 
t£r  during  eight  days.  I fuppofe  of  courfe  that  water  is  to  be  added  to  fupply 
the  lofs  by  evaporation  during  this  time.  Each  folution  is  then  poured  boiling 
hot  through  a woollen  ftrainer  fupported  on  brafs  wire  work.  The  firft  folutions 
are  made  flowly,  and  are  reddifh.  The  latter  are  fcarcely  coloured,  and  require 
lefs  time.  The  hot  liquor  is  then  poured  very  hot  into  a leaden  veffel  in  the 
form  of  a very  large  crucible,  in  which  it  is  evaporated  by  a flow  fire.  It  is 
then  fet  afide,  furrounded  with  a large  quantity  of  finely  minced  flraw  ; a wooden 
cover  faced  with  lead  is  placed  on  it,  and  the  whole  is  covered  up  with  mats 
and  cloths.  Thefe  precautions  keep  the  fluid  hot  a long  time,  and  facilitate  the 
reparation  of  foreign  matters  as  well  as  the  regularity  of  the  cryflallization.  This 
laft  operation  continues  twenty  days,  after  which  the  borax  is  taken  out  in  fine 
cryftals  for  the  market. 

TINCTURES  of  vegetable  and  animal  substances.  Many  medici- 
nal preparations  are  called  tindfures,  becaufe  they  are  made  by  digefting  certain 
vegetable  and  animal  fubftances  in  fpirit  of  wine,  to  which  they  communicate 
different  colours  according  to  their  nature. 

Some  of  thefe  tindtures  are  made  with  one  vegetable  or  animal  fubftance  only. 
Thefe  are  called  Ample  tindtures,  and  they  are  diftinguiflied  by  the  name  of  the 
vegetable  or  animal  matter  employed  ; fuch  are  the  tindtures  of  myrrh,  of  aloes, 
-of  faffron,  of  caftor,  and  many  others. 

Others  contain  a greater  or  lefs  number  of  different  vegetable  and  animal  fub- 
ftances, which  are  digefted  in  fpirit  of  wine,  according  to  the  feveral  receipts. 
Thefe  have  the  general  name  of  compound  tindtures,  and  are  alfo  diftinguifhed 
by  the  names  of  their  particular  authors  and  qualities. 

Thefe  feveral  tindtures  are  rather  objedts  of  pharmacy  than  of  chemiftry.  Mac- 
;quer  makes  the  following  general  obfervations  upon  them  : 

Firft,  as  vegetables  and  animals  are  compofed  of  feveral  principles  which  are 
not  all  foluble,  or  not  equally  foluble  in  fpirit  of  wine,  we  cannot  confider  fpiri- 
tuous  tindtures  as  complete  extradls  of  the  vegetable  and  animal  fubftances  em- 
ployed in  their  preparation. 
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Secondly,, the  principles  of  thofe  fubftances  upon  which  fpirit  of  wine  can  a 
are  volatile  eflential  oils,  and  others  of  the  fame  nature ; refins,  pfoperly  fo  called  ; 
any  oils  that  are  in  a faponaceous  date,  and  foluble  in  water  by  means  of  fome 
faline  matter ; acids ; and  laftly,  feveral  kinds  of  neutral  falts.  And  the  principles 
which  fpirit  of  wine  cannot  diffolve  diredly,  are  fvveet  oils  and  oily  concretions 
that  are  not  volatile  nor  faline;  fubftances  purely  gelatinous  and  gummy;  earthy 
matters  not  faline,  nor  foluble  in  water;  and  laftly,  many  neutral  falts,  which  are 
infoluble  in  fpirit  of  wine,  the  various  kinds  of  which  have  not  yet  been  deter- 
mined. 

Thirdly,  many  of  the  vegetable  and  animal  principles  that  are  e lien  dally  info- 
luble in  fpirit  of  wine,  particularly  gums,  jellies,  and  neutral  falts,  are  foluble  in 
water. 

Fourthly,  from  the  laft  obfervation  we  may  perceive,  that  tinftures  drawn  from 
the  fame  vegetable  or  animal  fubftancemuft  differ  confiderably,  according  to  the 
ftate  of  drynefs  of  thefe  fubftances,  and  the  dephlegmation  of  fpirit  of  wine  em- 
ployed. For  a tin&ure  made  from  moift  plants,  and  with  a weak  fpirit  of  wine,, 
muft  contain  fome  gummy  and  faline  principles,  which  could  not  be  contained 
in  a tin&ure  made  with,  the  plants  perfectly  dried  and  a fpirit  of  wine  perfectly 
redified. 

Fifthly,  as  many  chemical,  experiments  fhew  that  fubftances  naturally  infoluble 
in  any  certain  menftruum,  may  be  rendered  foluble  in  that  menftruum  by  fome 
other  intermediate  fubftance ; and  as  amongft  the  vegetable  and  animal  princi- 
ples, fome  fuch  intermediate  fubftances  may  exift;  it  cannot  therefore  be  affirmed,, 
that  fpirituous  tin&ures  contain  no  other  of  thefe  principles  than  fuch  as  are 
naturally  foluble  in  fpirit  of  wine  ; but  it  feems  more  probable  that  they  contain 
other  principles.  As  this  fiubjedV  has  not  been  fufficiently  examined,  it  is  impofii- 
ble  to  fpeak  upon  it  in  any  other  than  a vague  and  general  manner. 

TINNING  of  copper  and  of  iron.  Tinning  is  an  operation  by  which  a 
very  thin  layer  of  tin  is  applied  to  the  furface  of  fome  metals,  and.  efpecially  of 
copper  and  of  iron.  The  methods  of  tinning  thefe  two  metals  are  different. 
Copper  is  tinned,  after  it  has  been  formed  into  utenfils,  and  by  the  copper-fmiths 
who  form  thefe  utenfils.  The  tinning  of  iron  is  performed  upon  thin  plates  of 
iron,  in  particular  manufactories  in  France,  England,  Germany,  and  in  fome  other 
places. 

The  feveral  operations  for  tinning  of  copper  and  iron  are  founded,  fi'rft,  on  the 
facility  with  which  tin  unites  with  thefe  metals,  which  is  fo  great,  that  when  either 
of  thefe  metals  is  tinned,  the  tin  only  requires  to  be  melted,  and  tire  others  on. 
which  it  is  to  be  applied  do  not.  Neverthelefs,  the  tin  incorporates  with  thefe. 
metals,  diffolves  in  fome  meafure  their  furface,  and  forms  a kind  of  alloy,  at  leaft 
when  the  tinning  is  well  performed. 

Secondly,  the  foundation  of  all  the  parts  of  the  operation  ufed  to  make  the 
tinning  fucceed  is,  that  metals  cannot  perfectly  unite  with  each  other  but  when 
they  are  in  a metallic  ftate;  and  that  they  cannot  unite  with  any  earthy  matter, 
not  even  with  their  own  earth  or  calces. 

Flence  the  whole  art  oftinning  confifts  in  employing  melted  tin,  the  furface  of 
which  lhall  be  very  clean,,  metallic,  and  not  covered  with  any  allies  or  calx  of  tin, 
to  the  furface  of  iron  or  of  copper,  which  muft  alfo  be  very  dean,  and  free  from  all 
rult  or  calx. 

To  attain  thefe  purpofes  the  following  method  is  ufed  : As  the  furface  of  copper 
is,  continually  altered  merely  by  the  action  of  air,  the  workmen  before  the  tinning, 
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of  any  veflel  fcrape  its  furface  with  a (reel  inftrument  till  it  be  clean  and  bright ; 
then  they  place  the  veflel  upon  kindled  coals,  and  heat  it  to  a certain  degree : 
as  foon  as  it  is  hot  they  rub  it  with  pitch  ; and  then  apply  the  melted  tin,  which 
they  fpread  upon  the  furface  of  the  copper  by  means  of  hards,  or  balls  of  flax. 
Pure  tin  is  feldom  ufed  for  this  purpofe;  but. generally  two  parts  of  tin  are  allayed 
with  one  part  of  lead. 

The  pitch  ufed  in  this  operation  is  quite  neceflary,  becaufe  the  degree  of  heat 
given  to  the  copper  is  fufficient  to  calcine  its  furface  in  fome  meafure ; and  this 
alteration,  however  flight,  would  prevent  the  perfed  adhefion  of  the  tin.  This 
pitch  prevents  alfo  the  flight  calcination  which  would  happen  on  the  furface  of 
the  tin,  or  revives  the  fmall  particles  of  calx  which  are  formed  during  the  ope- 
ration. ( 

When  plates  of  iron  are  to  be  tinned,  they  mull  be  perfectly  well  cleanfed, 
which  is  done  by  fcouring  them  with  fand,  and  fteeping  them  fome  time  in  an 
acid  liquor  : then  they  are  to  be  wiped,  and  dried  quickly  and  perfe&ly.  Laftly, 
they  are  to  be  plunged  vertically  into  a veflel  containing  melted  tin,  the  furface 
of  which  is  covered  with  fat  and  pitch.  Thefe  fat  fubftances  covering  the  furface 
of  the  tin  prevent  its  calcination,  by  which  its  adhefion  to  the  iron  would  be  im- 
peded ; and  alfo  render  the  furface  of  the  iron,  while  it  pafles  through  them, 
litter  to  receive  the  tin.  By  thus  plunging  plates  of  iron  into  melted  tin,  they  are 
covered  over  with  this  metal,  or  are  tinned. 

Sal  ammoniac  is  alfo  ufed  fuccefsfully  in  the  tinning  of  iron  and  copper,  and 
always  for  the  fame  reafon.  The  acid  of  this  fait  perfe&ly  cleans  the  furface  of  the 
metals  to  be  tinned;  and  the  oily  matter,  or  perhaps  the  inflammable  air  of  the  alkali 
contained  in  fal  ammoniac,  prevents  the  calcination.  Thus  by  heating  thefe  me- 
tals to  a certain  degree,  and  rubbing  them  with  fal  ammoniac,  the  tin  may  be 
applied  immediately  afterwards. 

The  art  of  tinning  is  kept  a great  fecret  by  the  workmen,  but  does  not  appear 
to  be  in  any  refpedt  difficult  to  an  ingenious  contriver.  Thus  iron  tacks,  which 
cannot  be  conveniently  tinned  in  a bath,  are  eafily  covered  with  that  material  by 
including  the  nails,  with  a due  proportion  of  tin' and  fal  ammoniac,  in  a done  bot- 
tle, and  agitating  them  while  heating  and  cooling. 

The  advantages  received  from  tinning  are  very  confiderable.  As  tin  is  a foft 
and  fufible  metal,  veflels  formed  of  it  alone  would  not  have  fufficient  ftrength 
and  hardnefs  to  keep  their  fhape  in  common  ufe,  and  would  alfo  be  liable  to  be 
melted  with  a fmall  heat  : but  when  it  is  applied  to  the  furface  of  hard  and  diffi- 
cultly fufible  metals,  as  copper  and  iron,  many  veflels  may  be  fabricated  which 
have  the  advantage  of  being  preferved  by  means  of  the  tin  from  ruft,  to  which 
the  copper  and  iron  are  very  fubjeft.  It  has  been  neverthelefs  juftly  alleged,  that 
■copper  veflels  are  nol'perfetftly  prevented  from  ruft  or  verdigrife  by  tinning  ; and 
this  fault  is  fo  much  more  important,  as  tinned  copper  veflels  are  ufed  in  the  pre- 
paration of  food.  Thefe  veflels,  therefore,  even  when  tinned,  ought  not  to  be 
employed  for  this  purpofe  : efpecially  as  tin  itfelf  is  fufpedted  of  being  hurtful  to 
health,  fince  Margraaf  difcovered  that  arfenic  is  contained  in  aim  oft  ail  tin ; and 
alfo  becaufe  lead,  a moft  hurtful  metal,  is  ufed  in  tinning.  Neverthelefs,  tinned 
copper  veflels  may  be  ufed  for  many  other  purpofes.  Befides,  the  tinning  of  cop- 
per and  iron  veflels  may  be  improved  by  attending  to  the  fundamental  principles 
of  this  art  delivered  in  the  prefent  article. 

M.  Maiouin  has  propofed  in  his  Memoirs  on  Zinc  (Mem.  de  l’Acad.  des 
Sciences,  1742)  to  fubftitute  that  femi- metal  in  place  of  lead  and  tin,  fof  the  tin- 
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ning  of  iron  and  copper  vefiels.  The  greater  hardnefs  of  die  zinc,  it  is  thought, 
would  render  it  lefs  liable  to  be  worn  $ and  the  dangerous  effe6ts  of  lead  and  tin 
would  be  avoided.  But  whether  it  might  not  be  attended  with  other  inconve- 
niences muft  be  fubmitted  to  further  experience. 

For  the  tinning  of  looking-glalfes,  fee  Silvering. 

The  tinning  of  pins  has  been  the  objedt  of  a confiderable  feries  of  inveftigations 
by  Mr.  Gjftolin.  In  the  Journal  de  Phyfique  for  May  and  June  1789,  there  is 
a tranflation  of  his  Memoir  by  Dolfufs,  of  which  the  following  is  an  abftradt. 
It  is  a generally  admitted  fadt,  that  copper  dilfolved  in  any  acid  whatever  is  al- 
ways totally  precipitated  by  the  addition  of  tin.  The  experiment  of  whitening 
pins  fhews  neverthelefs  that  tin  is  really  precipitated  in  -the  metallic  form  by 
copper,  if  both  be  boiled  in  a folution  of  tartar.  Mr.  Gadolin,  in  the  prefence  of 
Mr.  Gahnn,  found  that  the  remaining  fluid  contained  no  copper  j whence  thefe 
chemifts  concluded,  that  the  precipitation  muft  be  effedted  in  fome  way  different 
from  that  of  the  ordinary  eledtive  attradlion.  He  therefore  inftituted  the  follow- 
ing experiments : 

1.  A leaf  of  tin  was  kept  fome  days  in  a folution  of  half  a loth  of  cream  of 
tartar,  after  which  it  was  found  to  have  loft  0,005  loth  of  its  weight.  A plate  of 
copper,  by  digeftion  for  fix  hours  in  the  fluid,  after  the  tin  was  taken  out,  loft 
0,0006  loth  of  its  weight,  but  was  not  vifibly  altered,  excepting  that  its  furface 
was  flightly  calcined.  The  folution  was  then  boiled  with  polifhed  iron,  and  both 
the  tin  and  the  copperwere  precipitated  on  the  iron.  2.  The  refults  were  nearly 
the  fame  when  acid  of  tartar  was1  ufed  inftead  of  the  cream  of  tartar.  3.  To  a 
folution  of  tin  in  aqua  regia,  foluble  tartar  was  added  : the  tin  fell  down  in  com- 
bination with  the  acid  of  tartar.  Of  this  precipitate,  firft  edulcorated  and  dried, 
half  a loaf  was  boiled  with  water  and  a polifhed  copper-plate  for  three  hours* 
No  remarkable  change  happened  to  the  copper.  4.  The  laft  experiment  was 
repeated  with  one  tenth  of  a loth  of  the  precipitate,  and  0,07  loth  of  cryftallized 
acid  of  tartar.  Therefultwas  as  before.  5.  Tin  foil  was  then  added  along  with 
the  polifhed  copper  in  the  laft-mentioned  folution.  After  three  hours  boiling  the 
copper  became  covered  with  a pellicle  of  tin,  which  was  rather  dull,  and  had  in- 
creafed  in  weight  0,0002  loth.  The  tin  loft  0,001  loth.  6.  One  tenth  of  a loth 
of  the  precipitate  N°  3,  was  boiled  for  three  hours  on  a plate  of  copper,  with  the 
addition  of  tin  foil.  The  tin  became  of  a blackifh  yellow  dull  colour,  with  the 
lofs  of  0,0009  led1;  but  the  copper  was  not  at  all  changed.  8.  The  laft-men- 
tioned experiment  was  made,  with  the  addition  of  half  a loth  of  cream  of  tartar 
to  the  folution.  The  tin  loft  0,0009  °f  its  weight ; the  copper  became  co- 
vered with  a very  flight  pellicle,  and  had  loft  0,0004  of  its  weight.  9.  Half  a 
loth  of  cream  of  tartar,  diflolved  in  water,  was  boiled  with  leaves  of  tin  and  a 
plate  of  polifhed  copper.  The  copper  became  covered  with  a pellicle  of  tin,  and 
had  gained  in  weight  0,0001  loth.  The  tin  had  loft  0,0004  loth.  10.  One  fixth 
of  4 loth  of  cryftallized  acid  of  tartar  was  diflolved  in  water,  and  boiled  with 
leaves  of  tin  and  polifhfed  copper  for  three  hours : the  tin  Joft  0,0004  loth  ; but 
the  copper  was  not  changed  either  in  .colour  or  weight.  11.  To  the  laft-men- 
tioned folution  a quantity  of  vegetable  alkali  was  added,  fufiicient  to  faturate  the 
tartar.  A plate  of  copper  and  leaves  of  tin  were  again  added,  and  the  whole 
boiled  a little.  The  tin  thus  added  loft  0,0005  loth  of its  weight.  The  copper  was 
covered  with  a pellicle  of  tin,  but  did  not  acquire  any  perceptible  increafe  of 
weight.  12.  One  loth  of  cream  of  tartar  was  diflolved  in  water,  and  faturated 
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with  vegetable  alkali.  In  this  folution  leaves  of  tin  and  polifhed  copper  wer« 
boiled  for  three  hours,  at  the  end  of  which  time  the  copper  was  not  changed,  but 
the  tin  had  loft  0,0014  of  its  weight.  A few  drops  of  folution  of  the  acid  of  tar- 
tar were  then  added,  and  the  boiling  repeated.  The  copper  became  covered  with 
tin.  13.  Two  thirds  of  a loth  of  cream  of  tartar  were  diffolved  in  water,  and 
boiled  with  a plate  of  polifhed  copper,  the  furface  of  which  was  covered  with  a 
flight  pellicle  of  tin  : the  copper  had  loft  by  that  means  0,0062  loth  of  its  weight, 
in  the  form  of  a detached  fcoria.  One  part  was  difl'olved,  and  the  reft  lay  at  the 
bottom  of  the  phial.  Into  this  folution  a plate  of  polifhed  copper  was  put,  with 
leaves  of  tin.  After  three  hours  the  tin  apd  the  copper  were  found  covered  with  a 
black  thick  cruft,  which  might  have  been  fcaled  off.  The  tin  had  loft  0,007  loth 
of  its  weight  by  this  operation.  But  the  copper  had  loft  nothing,  and  was  co- 
vered with  an  unequal  tarnifhed  film  of  tin.  On  thofe  parts  from  which  the  black 
pellicle  was  removed,  a flight  fcale  of  tin  might  be  perceived.  14.  Two  thirds 
of  a loth  of  cream  of  tartar  were  diffolved  in  water,  and  to  this  were  added  0,005 
loth  of  calx  of  copper,  precipitated  from  blue  vitriol  by  vegetable  alkali.  After 
having  boiled  in  this  folution  a piece  of  tin  in  leaves  and  polifhed  copper  for  the 
fpace  of  three  hours,  the  tin  became  covered  with  an  entire  cruft,  but  detached  as 
in  the  laft  experiment.  After  the  feparation  of  this  cruft,  the  tin  weighed  0,0071 
loth  lefs  than  before.  The  copper  was  covered  with  a blackifh  pellicle,  and  had 
gained  0,004  loth  of  weight.  15.  One  fixteenth  of  a loth  of  cryftallized  acid  of 
tartar,  and  0,0028  loth  of  precipitated  calx  of  copper.  In  this  folution  a plate  of 
polifhed  copper  and  tin  in  leaves  were  boiled  for  three  hours.  It  was  then  found 
that  the  tin,  cleared  of  its  black  cruft,  had  loft  0,0056  loth.  The  copper,  which 
was  covered  with  a black  pellicle  not  detached,  had  gained  0,0004  loth.  16.  In 
a folution  of  one  fixth  of  a loth  of  cryftallized  acid  of  tartar  in  water,  a piece  of  iron 
was  boiled  during  half  an  hour,  and  loft  0,002  by  folution.  Into  this  clear  fo- 
lution a piece  of  polifhed  copper  and  leaves  of  tin  were  put,  and  boiled  for  three 
hours.  The  copper  became  covered  with  a bright  pellicle  of  tin,  without  any 
remarkable  acquifition  of  weight.  The  tin  had  loft  0,0004  loth* 

The  reafoning  of  Mr.  Gadolin  on  thefe  experiments  is  premifed  by  two 
obfervations  : 1.  That  in  all  calcination  of  metals,  a common  fubftance  unites 
with  and  becomes  a component  part  of  the  calx,  which  to  avoid  reference  to  every 
theory  he  calls  the  calcining  matter.  2.  That  a metal  is  calcinable  in  different 
degrees,  and  is  difpofed  to  combine  with  a greater  portion  of  calcining  matter, 
or  to  part  with  fome  of  that  which  it  already  holds,  accordingly  as  that  quantity 
is  lefs  or  greater.  He  then  proceeds  to  infer. 

That  copper  can  never  feparate  metallic  tin  from  a folution  of  tin  in  tartar,  or 
its  acid,  if  metallic  tin  itfelf  be  not  at  the  fame  time  prefent. 

That  the  folution  of  tin  is  made  in  the  acid  of  tartar  by  a calcination  of  that 
metal ; that  the  copper  tends  to  attrad  and  combine  with  the  diffolved  metal, 
but  cannot  feparate  it  from  the  calcined  matter  ; but  that  the  calcining  matter 
having  a tendency  to  unite  with  the  metallic  tin  already  prefent  in  the  mafs,  is  by 
this  means  folicited  to  quit  the  diffolved  tin,  which  it  does  in  part.  The  confe- 
quence  is,  that  a fmall  portion  of  the  tin  combines  with  the  copper  in  the  metallic 
ftate,  and  another  portion  of  tin  is  taken  up,  accurately  fufficient  to  fet  the  feveral 
tendencies  in  equilibrio. 

This  precipitation  does  not  take  place  when  the  acid  of  tartar  predominates 
greatly,  and  ftill  lefs  if  the  folution  be  faturated  with  a calx  of  tin  in  a higher  ftate 
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of  calcination.  For  in  the  firffc  cafe  the  unfaturated  acid  retains  the  tin  by  a power 
too  ftrong  to  be  overcome  by  the  attraction  of  the  copper,  and  in  the  latter  cafe 
the  calcining  matter  adls  on  the  tin  nearly  in  the  fame  way. 

The  precipitation  of  the  tin  takes  place,  if  the  acid  of  tartar  has  recently 
diflolved  a fmall  portion  of  iron  in  the  metallic  ftate.  For  iron  recently  diflolved 
is  very  ftrongly  difpofed  to  combine  with  the  calcining  matter;  and  by  that  means 
favours  the  redudlion  of  the  tin. 

M.  Gadolin  further  remarks,  that  tin  is  more  abundantly  diflolved  in  tartar, 
•or  its  acid,  if  tin  in  a ftate  of  higher  calcination  be  previoufly  diflolved ; and 
that  the  adiion  of  the  acid  is  ftill  more  effedtual,  if  the  calx  of  copper  be  previ- 
oufly diflolved  in  it.  And  in  this  cafe  the  metallic  copper  prefented  is  covered 
with  a dirty  pellicle.  In  thefe  experiments  (13,  14,  15)  the  metals  previoufly 
diflolved  are  precipitated  in  the  metallic  ftate.  And  hence  it  is.  feen  that  thole 
who  are  engaged  in  this  bufinefs  ought  to  be  careful  to  avoid  any  impurity  or 
fcoria  of  copper  in  their  mixtures. 

From  the  ingenious  folution  this  chemift  affords  to  the  difficulty  attending  the 
precipitation  of  tin  by  copper  in  this  procefs,  by  the  attraction  exifting  between 
the  two  metals  and  the  different  degrees  of  calcination,  it  is  evident  how  important 
it  is  to  pay  a due  attention  to  all  the  circumftances  of  chemical  operations,  and  par- 
ticularly this  laft.  The  Baron  de  Gedda  on  this  occafion  made  fever.il  experi- 
ments, which  led  to  a clofer  inveftigation  on  the  part  of  Profefl'or  Gadolin. 

The  Baron  whitened  copper  by  boiling  it  with  tartar  and  tin.  He  alfo  tried 
alum  and  common  fait,  together  and  feparately.  The  alum  anfwered  parti- 
cularly well.  His  remarks  on  the  theory  of  the  Profefl'or  were,  in  fhort,  that  the 
fubjeft  did  not  appear  to  be  fufficiently  mature  to  admit,  of  a clear  explanation, 
particularly  as  the  eflfe<5t  is  attributed  to  a Ample  attradlion,  and  ought  to  fucceed 
with  an  addition  of  iron,  after  taking  out  the  metallic  tin,  which  he  tried  in  various 
ways  without  fuccefs. 

In  his  fecond  fet  of  experiments,  M.  Gadolin  fhews  more  ftrongly  that  the 
Copper  need  not  be  adled  on  by  the  acid  in  the  procefs,  by  repeating  the  expe- 
riments with  cream  of  tartar,  tin,  and  a piece  of  fine  gold.  The  gold  was  well 
tinned,  though  the  acid  of  tartar  had  afl'uredly  no  adiion  on  it. 

With  regard  to  the  precipitation  of  the  tin  upon  the  copper  by  the  addition  of 
iron,  after  the  leaves  of  tin  were  taken  out,  he  did  not  indeed  find  it  take  place  in 
trials  with  the  acid  of  tartar,  which  he  attributed  to  the  flight  adiion  of  this  acid. 
And  accordingly  he  found  that  it  fucceeded  when  tin  and  alum  were  boiled  toge- 
ther; the  tin  then  taken  out,  and  a plate  of  copper  boiled  in  the  folution,  with  a 
few  filings  of  iron.  The  iron  was  ftrongly  adled.  on,  and  the  copper  in  a few 
minutes  covered  with  a pellicle  of  tin. 

The  following  experiments  tend  alfo  to  throw  further  light  on  the  fubjedl. 
One  part  of  tin  in  leaves  was  added  to  two  parts  of  vitriol  of  copper  diflolved  in 
water.  The  mixture  was  kept  in  a clofe  phial  for  feveral  days,  in  a moderate  heat 
and  occafionally  agitated:  After  fome  days  the  green  colour  had  difappeared,  the 
copper  had  fallen  down,  and  the  folution  by  the  teft  of  volatile  alkali  gave  an 
abundant  precipitate  of  calx  of  tin,  but  no  trace  of  copper.  Of  this  vitriolic  fo- 
lution of  tin  one  part  was  added  to  a plate  of  copper  and  leaves  of  tin  ; a fecond 
part  was  added  to  a plate  of  copper  and  another  of  iron  ; and  the  third  was  added 
to  a plate  of  copper  alone.  Thefe  three  mixtures,  in  feparate  phials,  quite  full  and 
well  clofed,  were  kept  in  a moderate  heat  for  lome  hours ; after  which  the  copper 
in  the  firft  was  found  to  be  covered  with  an  even  polifhed  pellicle  of  tin,  but  a 
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little  dull  and  blueifh.  In  the  fecond  the  copper  was  alfo  tinned,  but  lefs  uni- 
formly ; and  the  iron  was  every  where  well  covered.  In  the  third  the  copper  was 
not  at  all  changed. 

The  folutions  in  the  firfl  fet  of  experiments,  which  contained  copper,  and  were, 
unfit  for  this  operation,  were  rendered  fit  for  the  purpofe  by  firfl  precipitating 
the  copper  by  ebullition  with  tin.  The  fame  effect  took  place  with  the  aluminous 
folution  of  tin  contaminated  with  copper. 

Unequal  proportions  of  tartar,  alum,  and  common  fait,  are  ufed  in  the  arts  for 
whitening  copper.  When  a bright  and  fhining  furface  is  required  rather  than 
an  high  degree  of  whitenefs,  the  folution  of  tartar  is  to  be  preferred.  The  folution 
of  alum  gives  merely  an  exquifite  whitenefs,  and  is  to  be  preferred  where  a clear 
dead  white,  as  it  is  called,  is  wanted.  Tartar  and  common  fait  are  added  to  di- 
minifh  the  appearance  of  want  of  polifh  the  folution  of  alum  gives  to  the  blanched 
metal.  Gadolin  found  that  a mixture  of  one  part  of  white  tartar  or  cream  of 
tartar,  two  of  alum,  and  two  of  common  fait,  is  the  moil  ufeful  folvent  for  this 
purpofe,  and  very  well  calculated  to  fucceed. 

TOBACCO  (Petum,  Nicotiana,  herba  medicea,  &c.)  was  firfl  difeovered  in 
the  ifland  Tobago;  brought  into  Europe  in  the  year  1559  or  1560,  by  Mr. 
Nicot  the  French  ambafiador  in  Portugal,  and  prefented  to  queen  Catherine  de 
Medicis.  It  is  now  become  the  object  of  very  extenfive  manufactures,  and  cul- 
tivated in  large  quantity  by  the  European  colonies  in  America,  as  alfo  in  fome 
parts  of  Europe.  There  are  different  fpecies  of  the  plant,  and  great  differences, 
alfo  in  the  qualities  of  one  fpecies  according  to  the  foil  and  climate  : ftill  further 
differences  are  occafioned  in  the  prepared  tobaccos  and  fnuffs  from  the  manner 
of  preparation,  and  the  additions  made  ufe  of  for  communicating  colour,  fa- 
vour, &c. 

The  leaves  of  this  plant,  taken  internally,  prove  virulently  emetic,  cathartic,, 
and  narcotic  : even  in  the  common  forms  in  which  they  are  employed  in  fuch 
immenfe  quantities,  they  generally  at  firfl  diforder  the  conflitution,  till  habitual 
ufe,  which  fubdues  many  noxious  things,  has  rendered  them  perhaps  innocent, 
and  perhaps  even  neceflary.  Diftilled  in  a retort  without  addition,  they  yield  an 
acrid  empyreumatic  oil,  which  has  been  found  from  repeated  trials  to  be 
poifonous  to  fundry  animals  : it  is  probably  on  this  oil  that  the  effedls  of  the 
fmoke  of  tobacco  depend,  for  when  the  plant  is  fet  on  fire,  its  native  qualities 
are  deftroyed. 

Tobacco  lofes.  its  virulence  by  long  coefiion  in  water,  though  all  the  active.- 
parts  of  the  herb  are  extradled  by  the  water  ; yet  the  extradl  left  upon  evapo- 
rating the  liquor,  taken  in  dofes  of  four  or  five  grains,.,  proves  mildly  aperient  , 
and  anodyne,  and  is  faid  to  be  of  great  fervice  in  diforders  of  the  breaft  : the 
longer  the  coition  is  continued,  a fuitable  quantity  of,  water  being  added  for  that 
purpofe,  the  milder  is  the  extrait.. 

Neumann  analyfed  three  forts  of  tobacco,  the  American  canifler  tobacco,  the 
.Dutch  leaf,  and  the  dried  leaves  of  our  own  growth.  An  ounce  of  the  canifler, 
treated  firfl  with  water,  gave  four  drams  thirty  grains  of  ext  rail ; the  fame  quan- 
tity of  the  Dutch,  four  drams ; of  our  own,  four  drams  fifty  grains.,  From 
the  refiduum  of  the  firfl,  reiUfied  fpirit  extraited  thirty  grains ; from  that  of  the 
fecond,  fixty  *,  and  from  that  of  the  third,  thirty.  An  ounce  of  the  canifler. 
fort,  treated  firfl  with  reitified  fpirit,  yielded  one  dram  thirty  grains ; the  fame 
quantity  of  the  Dutch,  two  drams  twenty  grains;  and  an  ounce  of  ours,  two. 
drams  thirty  grains.  From  the  refiduum  of  the  firfl,  water  extracted  three. 
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drams  thirty  grains;  from  that  of  the  fecond,  two  drams  forty  grains  ; of  the 
third,  two  drams  thirty  grains : the  indiffoluble  earthy  matter  amounted  in  each 
of  the  experiments  to  three  drams. 

The  fpirituous  extracts  made  from  ail  the  forts  were  ftronger  than  the  watry ; 
that  of  the  canifter  fort  was  notably  pungent  on  the  tongue  ; of  the  Dutch,  only 
bitterilh,  without  any  acrimony  ; the  fpirituous  extract  of  ours  tafled  fomewhat 
pungent,  but  the  watry  only  bitter.  The  fpirituous  extracts  of  all  the  forts  are 
of  a fine  green  colour,  the  watry  of  a }rellowifh  brown.  The  diftilled  waters  and 
fpirits  have  no  tafte  or  fmell.  Bohn,  however,  pretends  that  the  diftilled  water, 
efpecially  if  drawn  from  the  juice  of  the  herb,  will  occafion  vomiting  if  taken, 
to  the  quantity  of  an  ounce  or  two. 

TOPAZ.  See  Precious  Stones,  No.  4. 

TOPHI.  Duckftein  of  the  Germans,  Pori.  Kirwan  fays  that  thefe  differ  from 
the  calcareous  ftaladlites,  not  only  in  lhape,  but  principally  in  this,  that  they  have, 
been  formed  by  a gradual  depofkion  of  earths,  chiefly  of  the  calcareous  kind,, 
barely  diffufed  through  water  itfelf,  and  not  in  air.  Hence  they  are  of  a foft  zfa d 
porous  texture,  and  of  the  fame  colour  as  the  ftaladlites. 

The  word  tophi  is  alfo  ufed  as  fynonymous  with  tufa  or  traafs,  which  is  a vol- 
canic produdt.  Great  heaps  of  tufa,  or  tophi,  are  found  in  Italy,  forming  various 
hills,  and  covering  large  tradls  of  land,  from  whence  it  is  cut  and  carried  for 
making  the  walls,  vaults,  and  upper  ceilings  of  houfes ; it  is  a very  foft  kind  of. 
ftone,  extremely  advantageous  for  thefe  purpofes,  on  account  of  its  fmall  weight, 
and  being  eafily  cut  into  any  form.  The  inhabitants  of  Umbria  and  other  parts 
of  Italy,  dig  with  very  little  labour  various  fubterraneous  corridores  and  large 
excavations  under  earth,  where  they  keep  wines  and  many  provifions  quite  free 
from  the  irregularities  and  excefles  of  temperature. 

TORREFACTION.  This  name  is  given  to  a kind  of  calcination  by  which 
ores  are  deprived  of  the  volatile  mineralifing  fubftances,  the  fulphur  and  arfenic 
which  they  contain.  It  is  alfo  applied  to  fignify  the  roafting  of  fome  pharma- 
ceutical preparations.  Thus,  for  inftance,  we  fay  torrefied  rhubarb,  &c. 

TORSTEN.  An  iron  ore  of  a bright  blueilh  black,  or  yellowilh  gray  colour, 
and  fibrous  texture,  fhews  a red  trace  when  fcratched,  and  is  weakly  magnetic 
before  calcination.  According  to  Rinman,  it  is  lefs  dephlogifticated  than  hre- 
matites. 

TOUCHSTONE.  The  black  bafaltes  is  ufed  for  examining  the  precious 
metals  by  the  touch,  and  is  commonly  diftinguilhed  by  this  name.  See  Assay.. 

TOURMALIN.  See  Precious  Stones,  No.  11. 

TRAASS.  See  Tarras. 

TRAGACANTH  GUM.  See  Gums. 

TRANSMUTATION.  See  Metals. 

TRAPP.  A dark  gray  or  black  ftone,  generally  invefted  with  a ferruginous 
cruft,  and  cryftallized  in  opake  triangular  or  polyangular  columns,  is  called 
bafaltes ; that  which  is  irregular,  or  breaks  in  large  thick  fquare  pieces,  is  called 
trapp,  from  its  relemblance  to  ftairs,  of  which  trap  is  the  Swedilh  name.  Their 
constituent  principles  and  relation  to  acids  and  fluxes  are  exadlly  the  fame.  The 
texture  of  this  ftone  is  either  coarfe,  rough,  and  diftinft,  or  fine  and  indifcern- 
ible.  This  latter  fort  is  often  reddifh  ; it  is  always  opake,  and  moulders  by  ex- 
pofure  to  the  air  ■,  fome  fpecimens  give  fire  with  fteel  very  difficultly,  though  it  is 
always  very  compaft  ; fometimes  it  is  fprinkled  over  with  a few  minute  Shining 
particles its  fpecific  gravity  is  3,000,, 
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When  heated  red  hot,  and  quenched  in  water,  it  becomes  by  degrees  of  a 
reddifh  brown  colour:  it  melts  perfe  in  aftrongheat  into  a com  pad:  flag.  Borax 
alfo  diffolves  it  in  fufion,  but  mineral  alkali  noc  entirely. 

TRIP.  See  Tripoli. 

TRIPOLI  EARTH.  See  Rotten  Stone. 

TR1TORIUM.  A veflei  generally  made  of  glafs,  tffed  for  the  reparation  of 
liquors  of  different  denfities,  as  oil  and  water.  Its  largeft  diameter  is  the  middle, 
and  it  terminates  with  an  aperture  at  each  of  the  two  extremities.  The  lower 
extremity,  the  aperture  of  which  is  very  narrow,  is  dipped  into  the  mixed  liquor  ; 
and  when  it  is  fufficiently  filled,  the  upper  orifice  is  to  be  flopped  clofe,  by  preff- 
ing  the  thumb  upon  it,  by  which  means  the  liquor  contained  will  not  run  out  at 
the  lower  aperture  when  the  veflei  is  raifed  from  the  mixed  liquor.  When  the 
fluids,  of  which  this  liquor  confifts,  have  perfedly  feparated  according  to  their 
refpedive  denfities,  by  removing  the  thumb  the  heavier  fluid  will  run  out  at  the 
.lower  extremity,  and  the  feparation  will  be  thus  effeded. 

TRITURATION  is  an  operation  which  confifts  in  the  mechanical  divifion  of 
bodies,  and  is  executed  by  the  fame  methods,  and  by  the  fame  inftruments  that 
are  employed  for  other  divifions  of  this  kind  ; that  is  to  fay,  in  mortars,  upon 
porphyries,  and  in  mills.  This  word  is  generally  applied  ro  denote  the  grinding 
of  leveral  bodies  together,  to  unite  them  with  each  other;  as  for  inftance, 
the  extindion  of  mercury  in  the  operation  of  ethiops  mineral,  and  others  of  a 
fimilar  kind. 

TROMPE.  The  trompe,  or  blowing  machine,  is  formed  of  a hollow  tree 
which  refts  upon  a calk  whofe  lower  head  is  knocked  out,  and  the  open  part  of 
the  calk  itfelf  plunged  to  a certain  depth  under  water.  A current  of  water  is 
made  to  fall  through  this  wooden  trunk  upon  aftonewhich  is  ereded  in  the  mid- 
dle of  the  calk.  The  air  becomes  difengaged,  and  is  obliged  to  pafs  out  at  a 
collateral  aperture  in  the  calk,  by  means  of  a tube  which  carries  it  to  the  lower 
part  of  the  furnace.  This  air  is  afforded,  i.  by  that  air  which  the  water  carries 
along  with  it:  2.  by  a current  which  paffes  through  apertures  made  at  the  dif- 
lance  of  fix  feet  from  the  fummit  of  the  tree,  and  called  trompilles.  I ufe  th* 
French  names,  becaufe  I do  not  know  of  any  appropriated  Englifh  terms. 

The  dimenfions  of  a good  trompe,  according  to  Chaptal,  are  the  following  : 

Length  of  the  tree  or  wooden  trunk,  from  its  fummit  to  the  fide  apertures  or 
rtrompilles,  fix  feet. 

Length  of  the  tree  from  the  trompilles  to  the  calk,  eight  feet. 

Height  of  the  calk,  five  feet. 

Diameter  of  the  calk,  four  feet  fix  inches. 

The  form  of  the  internal  part  of  the  trunk,  above  the  trompilles,  is  that  of 
a funnel,  whofe  fuperior  opening  is  eighteen  inches,  and  its  inferior  diameter  five. 

The  diameter  of  the  cavity  of  the  tree,  below  the  trompilles,  is  eighteen 
inches. 

The  diameter  of  the  trompilles  is  fix  inches. 

Dr.  Lewis,  in  his  Philofophical  Commerce  of  Arts,  treats  exprefsly  on  this 
Ample  and  uleful  inftrument,  on  which  he  made  many  experiments.  The  fol- 
lowing remarks,  references,  and  inveftigations,  are  abridged  from  his  work. 

The  earlieft  method  of  animating  the  large  fires  of  the  furnaces  for  fmelting  ores, 
appears  to  have  been  by  expofing  them  to  the  wind.  Such  was  the  pradtice  of  the 
Peruvians  before  the  arrival  of  the  Spaniards  in  that  country.  Alonfo  Barba  relates, 
that  their  furnaces,  called  guairas,  were  built  on  eminences,  where  the  air  was  freeft; 
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that  they  were  perforated  on  all  fides  with  holes,  through  which  the  air  was  driven 
in  when  the  wind  blew,  which  was  the  only  time  the  work  could  be  carried  on  ; 
that  under  each  hole  was  made  a projection  of  the  ftone  work  on  theoutfide,  and 
that  on  thefe  projections  were  laid  burning  coals  to  heat  the  air  before  its  entrance 
into  the  furnace.  Some  authors  fpeak  of  feveral  thoufands  of  thefe  guairas 
burning  at  once  on  the  fides  and  tops  of  the  hills  of  Potofi. 

It  is  faid  that  feveral  remains  of  a like  rude  procefs  are  to  be  feen  in  fome  parts 
of  our  own  country.  The  old  blomery  hearths,  as  they  are  called,  for  the  running 
down  of  iron  ore,  are  all  on  the  tops  of  hills ; a fituation  which  can  fcarcely 
be  fuppofed  to  have  been  chofen  on  any  other  account  than  for  the  conveniency 
of  the  wind,  being  in  other  refpeds  extremely  incommodious. 

The  gradual  fucceffion  of  bellows  to  this  infufficient  mode  of  fupplying  air, 
cannot  perhaps  be  traced.  It  appears,  that  at  fome  of  our  iron  furnaces,  and 
others,  the  bellows  were  formerly  moved  by  a handle,  as  thofe  of  the  fmith’s 
forge,  or  by  the  preflure  of  the  foot  upon  a treadle,  or  by  other  means  requiring 
the  ftrength  of  men  ; and  that  fince  the  force  of  water  has  been  called  in  aid  to 
move  them,  the  quantity  of  ore  run  down  has  not  only  been  far  greater,  but  the 
reparation  of  the  metal  more  complete. 

The  firft  account  that  is  to  be  met  with  of  a machine  for  propelling  air  into 
furnaces,  by  a fall  of  water  carrying  down  air  with  it,  is  of  one  at  the  copper  or 
brafs  furnaces  at  Tivoli,  near  Rome*.  In  this  machine  a fquare  wooden  pipe  of 
confiderable  width,  and  open  at  both  ends,  is  placed  upright.  A ftream  of  water 
runs  in  at  the  top,  and  is  difcharged  at  the  bottom  ; and  about  the  middle  of  the 
height  of  the  pipe  afmaller  horizontal  one  is  inferted,  which  reaches  to  the  fur- 
nace, and  is  faid  to  convey  to  it  a ftrong  blaft  of  air. 

According  to  M.  Belidor-f-,  a pipe  with  air  holes,  inferted  into  an  air  veffel, 
is  ufed  for  this  purpofe  in  fome  parts  of  France. 

M.  Mariotte  j'  gives  an  account  of  a contrivance  for  blowing  fire  by  a fall  of 
water,  which  confifts  of  a funnel  and  pipe,  without  air  holes,  inferted  into  an 
air  -\e  rel. 

Mr.  Stirling  ||  deferibes  a machine  ereCted  in  Scotland,  for  blowing  air  into 
the  furnaces  in  which  lead  ores  are  fmelted,  and  for  conveying  frefh  air  into  the 
works.  This  machine  confifts  of  a funnel  and  pipe,  with  air  holes,  inferted  into 
an  air  veffel. 

The  blowing  machines  ufed  in  Dauphiny  for  the  forges  and  fmelting  furnaces, 
have  a great  refemblance  in  their  general  ftructure  to  the  foregoing. 

In  the  county  of  Foix,  the  blowing  machines,  as  deferibed  by  Reaumur  §,  are 
confiderably  different  from  the  foregoing.  The  pipe  is  rectangular,  and  the  part 
above  the  choak  divides  into  three  funnel-fhaped  partitions.  On  the  top  is  a re- 
fervoir  or  ciftern  of  water;  and  two  of  the  partitions,  clofe  on  all  fides,  pafs  up 
above  the  furface  of  the  water,  for  carrying  down  air,  and  thus  fupplying  the 
place  of  the  lateral  air  holes  : the  watei  enters  into  the  third  partition,  which  is 
only  the  fpace  between  the  two  foregoing,  and  which  has  but  two  fides,  formed 
by  the  two  oppofite  fides  of  the  others. 

Mr.  Barthes  f gives  a minute  defeription  of  a blowing  machine  at  the- forge 

* See  the  third  number  of  the  Philofophical  Tranfa&ions,  and  the  Journal  des  Savans  for  1 666. 

-j-  In  his  Architecture  Hydraulique.  J In  his  Treatife  du  Mouvement  des  Eaux.  |[  In  No. 
576  of  the  Philofophical  Tranfadtions  for  the  year  1745.  § In  the  Art  des  Forges.  Yol.  iii.  of 

the  Memoirs  of  the  CorrefpondentSof  the  French  Academy. 
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of  St.  Pierre,  on  the  river  Obriou.  Its  general  ftrudure  is  nearly  the  fame  with 
that  of  Foix,  but  the  height  of  water  above  the  choak  much  lefs. 

Dr.  Lewis’s  trials,  though  not  carried  to  fuch  a length  as  he  could  have  wifhed, 
fatisfied  him  and  thofe  who  aflifted  at  them,  that  much  more  air  is  to  be  obtained 
by  dividing  the  ftream  by  means  of  a cullender,  than  by  any  other  methods  that 
have 'been  tried  ; and  that  with  fuch  a machine  as  that  of  St.  Pierre  above  de- 
fcribed,  a ftream  of  a hundred  and  fifty  gallons  at  mod  in  a minute  is  fufficient 
to  produce  a continued  blaft  from  a pipe  of  three  quarters  of  an  inch  bore,  of 
fuch  ftrength  as  to  fupport  a column  of  water  of  three  feet  or  more. 

His  fummary  view  of  the  moft  material  particulars  which  his  experiments  have 
difcovered,  with  regard  to  the  perfection  of  the  ftrudure  of  blowing  machines, 
and  his  defcription  from  them  of  fuch  a machine  as  promifes  to  be  the  moft  effec- 
tual, are  as  follow : 

The  bottom  of  the  refervoir  of  the  water  fhould  be  about  fourteen  feet  above 
the  level  of  the  ground  : we  need  not  be  very  folicitous  about  procuring  a greater 
height ; for  though  a greater  would  be  of  fome  advantage,  yet  this  advantage 
appears  to  be  much  lefs  confiderable  than  has  been  commonly  imagined.  In  the 
channel  by  which  the  water  is  conveyed,  are  to  be  placed  gratings  of  different 
fizes;  and  before  the  aperture  a finer  grating,  which  may  be  either  a perforated 
iron  plate  or  a wire  fieve,  to  ferve  as  ftrainers  for  keeping  back  fuch  matters  as 
would  obftrud  the  apertures  which  the  water  is  afterwards  to  pafs  through.  The 
ftream  (hould  enter  at  one  fide,  or  be  fo  managed,  that  the  water  in  the  refervoir 
or  funnel  may  not  be  agitated  by  it,  or  put  into  a fpiral  motion,  which  Dr. 
Lewis’s  experiments  (hewed  to  be  very  injurious. 

In  the  bottom  of  the  refervoir  is  to  be  made  a round  hole,  for  admitting  the 
upper  end  of  a cylindrical  pipe  of  copper  or  caft  iron,  five  or  fix  inches  in  the  bore, 
and  feven  feet  long.  To  the  end  of  this  pipe  is  to  be  fitted  a cullender  about  a 
foot  long,  with  the  holes  triangular,  of  half  an  inch  each  fide,  and  fix  or  feven 
fpaces  from  top  to  bottom,  at  equal  diftances,  muft  be  left  without  holes,  for  admit- 
ting air  to  pafs  down  to  the  lower  dreams.  All  the  holes  fhould  be  directed 
downwards,  that  the  ftreams  may  not . be  forcibly  projeded  againft  the  fides  of 
the  pipe  which  is  to  receive  them,  fo  as  to  have  their  velocity  too  much 
diminifhed. 

If  there  are  fix  of  the  perforated  fpaces  in  the  cullender,  the  number  of  holes 
in  each  may  be  twenty  ; fo  that  the  whole  number  will  be  one  hundred  and 
twenty.  The  fide  of  each  of  the  triangular  holes  being  half  an  inch,  the  area 
of  each  will  be  the  eighth  part  of  a fquare  inch,  and  the  fum  of  their  areas  will 
be  fifteen  fquare  inches.  The  quantity  of  water  running  through  one  aperture 
of  fuch  an  area,  at  the  depth  of  feven  feet  and  a half  under  the  fur-face,  comes 
out  on  calculation  about  fix  hundred  and  twenty-two  gallons  in  a minute  ; but  the 
real  quantity  will  doubtlefs  be  much  lefs  than  this,  on  account  of  the  great  fridion 
of  the  water  in  paffing  through  a number  of  fmall  holes,  and  of  the  refiftance 
of  the  air,  which  increafes  in  a very  high  ratio  according  to  the  increafe  of 
the  velocity  and  enlargement  of  the  furface  : it  is  in  part  to  make  up  for  thefe 
retardations,  that  the  pipe  is  direded  to  be  made  fo  high.  The  furface  of  the 
water  is  here  above  thirteen  times  greater  than  if  it  paffed  all  through  one  circular 
aperture. 

Both  the  pipe  and  the  cullender  (hould  have  a flanch  or  rim  round  their 
orifices,  and  be  fecured  to  one  another  by  fcrews  pafling  through  the  rims  of 
both,  with  a plate  of  lead  between  them  to  make  the  jundure  tight,  as  commonly 
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pra&ifed  in  joining  iron  pipes  for  water  works.  This  way  of  joining  them  ad- 
mits the  cullender  to  be  taken  off  and  cleaned,  when  a diminution  of  the  effedt 
of  the  machine  (hews  the  holes  to  be  choaked  up  ; which,  however,  it  is  appre- 
hended, will  feldom  if  ever  happen. 

As  the  holes  will  permit  more  water  to  run  through  than  may  at  all  times  be 
wanted,  it  is  proper  to  have  fome  contrivance  for  occafionally  doling  a part  of 
them.  This  may  be  effected  by  means  of  a thin  copper  pipe,  open  at  both 
ends,  as  high  as  the  cullender,  and  of  fuch  width  as  juft  to  drop  into  it.  It  will 
be  eafily  conceived,  that  when  this  regifter  is  let  entirely  down,  the  lateral  holes 
will  be  covered,  and  the  water  admitted  only  to  thofe  in  the  bottom  ■,  and  that 
by  raifing  it  further  and  further,  more  and  more  of  the  lateral  holes  will  be  un- 
covered. The  regifter  is  to  be  hung  by  a wire  to  a crofs-bar  over  the  refervoir, 
by  which  it  may  be  raifed  or  lowered  ; and  a fcale  or  divided  board  may  be  ad- 
jufted  againft  the  upper  part  of  the  wire,  for  (hewing  the  height  of  the  regifter,  or 
the  number  of  holes  clofed  by  it. 

The  moft  commodious  and  effectual  way  of  admitting  air  to  the  water  appears 
to  be  that  of  hanging  the  throat  of  the  funnel,  in  this  cafe  the  cullender,  within 
the  wider  receiving  pipe  ; for  by  this  means  the  air  is  admitted  freely  and  uni- 
formly all  round.  This  laft  pipe  fhould  likewife  be  of  iron  or  copper,  twelve 
inches  in  diameter,  and  fpread  out  at  top  to  the  width  of  fixteen  or  ’eighteen 
inches,  that  a large  fpace  may  be  left  round  the  cullender  : this  fpace  fhould 
reach  three  or  four  inches  above  the  uppermoft  perforations  of  the  cullender,  to 
prevent  any  of  the  water  from  being  dathed  over  the  top. 

A pit  is  to  be  funk  rn  the  ground,  not  lefs  than  fix  feet  deep.  In  this  is  to  be 
placed  an  air  veflel,  made  of  wood  lined  with  lead,  without  a bottom,  three  or 
four  feet  in  width,  and  ten  or  eleven  high.  The  veflel  fhould  be  fupported  on 
feet  of  a proper  ftrength,  with  fufficient  fpaces  between  them  for  the  water  to  pafs 
freely  out  : this  way  is  preferable  to  the  common  one  of  placing  the  lower  edge 
of  the  veflel  on  the  bottom  of  the  pit,  and  cutting  an  aperture  in  the  fide,  becaufe 
the  height  of  the  aperture  is  fo  much  taken  off  from  that  of  the  veflel.  The  re- 
fervoir being  fourteen  feet  above  the  ground,  and  the  upper  pipe  and  .cullender 
reaching  down  eight  feet,  only  fix  feet  remain  below  the  cullender ; fo  that  the 
air  veflel  having  fix  feet  funk,  the  ground  will  reach  nearly  up  to  the  cullender, 
and  almoft  the  whole  height  of  the  undermoft  pipe  will  be  included  within  the 
veflel.  This  pipe  may  be  above  nine  feet  long,  three  feet  or  more  of  it  going 
down  into  the  pit ; which  three  feet  are  here  an  entire'  gain  in  the  height  of  the 
fall,  for  the  pipe  in  the  other  machines  comes  at  moft  no  lower  than  the  level  of 
the  ground  where  the  water  runs  off  on  the  outfide.  This  height  is  gained  in 
virtue  of  the  comprefled  air  in  the  veflel  pufhing  down  the  water  below  : it  may 
be  always  as  great  as  the  height  to  which  the  water  is  intended  to  rife  in  the  gage. 
At  the  diftance  of  five  or  fix  inches  under  the  orifice  of  the  pipe  is  to  be  placed 
the  concave  iron  plate  or  ftone  for  the  water  to  fall  on.  In  the  top  of  the  air 
veflel  is  to  be  fixed  the  gage  and  the  blowing  pipe. 

Such  is  the  general  conftrudtion  of  the  blowing  machine,  which  (fays  Dr. 
Lewis)  promifes  to  be  particularly  ufeful  in  cafes  where  water  is  fcarce,  or  where 
the  want  of  a natural  fall  renders  it  neceflary  to  raife,  by  very  expenfive  means, 
the  great  quantities  requifite  for  working  the  common  bellows.  Dr.  Lewis 
thinks  too,  that  one  of  thefe  machines  will  be  fufficient  for  the  iron  forge,  and  for 
.fiindry  other  purpofes  where  the  quantity  of  air  is  not  required  to  be  very  great  ; 
that  it  will  be  lefs  expenfive,  on  account  of  the  durability  of  its  materials  and  the 
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fimplicity  of  its  ftrufture,  than  any  kind  of  bellows  now  in  ufe  ; and  what  is  of 
principal  importance,  that  much  lefs  water  will  ferve  for  working  it.  He  adds, 
in  cafes  where  one  of  the  machines  cannot  fiipply  air  enough,  as  for  the  large 
iron  fmelting  furnace,  two  pipes  may  be  ufed,  both  fed  by  one  refervoir,  and  en- 
tering into  one  air.vefiel.  The  ufing  of  two  pipes  appears  more  eligible  than 
enlarging  the  bore  of  one;  for  air  cannot  be  fo  freely  introduced  into  a large 
body  of  water,  though  divided  into  ftreams  by  the  cullender,  as  into  two  fmaller 
ones  of  equal  quantity. 

It  may  be  obferved,  that  the  blaft  will  be  ftronger  in  a denfe  ftate  of  the 
atmofphere  than  when  it  is  more  rare  or  expanded,  a greater  quantity  of  air  being 
ihen  introduced  under  an  equal  volume.  If  therefore  the  quantity  of  water  has 
been  adjufted  fo  as  to  raife  the  gage  to  a proper  height  when  the  air  was  light,  it 
will  frequently  happen  that  the  fame  quantity  of  water  fhall  raife  it  higher,  and 
confequently,  if  no  greater  height  is  required,  that  a part  of  the  water  may  be 
faved.  As  the  gage  of  the  machine  difcovers  by  infpeftion  the  variations  in  its 
effeft,  the  regifter  affords  convenient  means  of  regulating  its  power,  and  increafino* 
or  diminifhing  the  quantity  of  water. 

The  method  of  blowing  in  our  large  furnaces  is  by  iron  bellows  or  machines, 
worked  by  a fleam  engine.  Some  years  ago  I had  a converfation  on  this  fubjedt 
with  one  of  our  moil  eminent  iron  mailers,  whofe  name  1 fhould  be  glad  to  men- 
tion as  a credit  to  myfelf,  if  I had  at  this  time  an  opportunity  of  alking  his 
permiffion.  * 

The  air  machines  are  iron  cylinders  fix  feet  in  diameter,  in  which  a piflon 
works  with  a flroke  of  feven  feet  in  length.  Each  ftroke  therefore  protrudes  198 
cubic  feet  of  air.  At  bed  the  rate  of  working  is  fixteen  ftro'kes  in  a minute.  The  den- 
fity  of  the  air  is  fuch  that  it  will  raife  three  pounds  weight  on  a fquare  inch  hole  in  the 
piflon,  in  which  effed  the  flroke  has  fome  part.  For  the  preffure  in  the  re- 
fervoir is  lefs,  being  about  two  pounds  on  the  fame  furface.  The  refervoir, 
called  the  regulating  belly,  is  a large  clofe  chamber  open  below,  and  furrounded 
with  a fufficient  mafs  of  water  to  rife  within  it,  and  by  its  reaction  keep  up  the 
denfity  of  the  air  with  which  its  upper  part  is  fupplied  from  the  cylinder.  The 
difference  of  height  between  the  furfaces  of  the  water  within  and  without  the  re- 
fervoir is  between  fix  and  feven  feet,  and  the  rife  and  fall  at  each  flroke  of  the 
piflon  is  about  four  or  five  inches  on  the  outer  furface.  I think  he  afterwards 
faid  two  or  three.  From  this  lafl  datum  we  may  deduce  the  fize  of  the  regulat- 
ing belly  or  its  horizontal  fedion.  For  its  furface  will  be  to  that  of  the  piflon, 
inverfely  as  this  rife  is  to  the  length  of  the  flroke.  If  the  medium  of  the  firfl 
numbers  be  taken,  its  furface  will  be  19  times  that  of  die  piflon,  which  is 
fquare  feet,  that  is  to  fay,  536  fquare  feet,  or  a fquare  whofe  fide  is  23  feet.  Bun 
if  the  medium  of  the  fecond  numbers  be  taken,  the  furface  will  be  45  times  that 
of  the  piflon,  that  is  12,1  fquare  feet,  ora  fquare  whofe  fideds  about  36^  feet.. 
The  larger  this  furface,  the  fteadier  the  blaft.  From  the  regulating  belly  pro- 
ceeds the  nozle  or  twyer  (tuyere)  as  it  is  called.  Its  diameter  at  the  aperture  is 
one,  two,  or  three  inches.  They  have  fometimes  enlarged  them  for  experiment 
as  far  as  five;  but  they  then  found  the  apparatus  not  to  fupply  the  air  quickly 
enough,  or  at  leaft  not  with  the  fame  advantage  as  when  a fmaller  aperture,  was 
ufed. 

If  we  attend  to  the  height  of  the  water  on  the  outfide  of  the  refervoir,  we  fhall 
find  the  force  of  this  apparatus  to  be  greatly  beyond  that  of  the  other  bellows  in 
ufe.  Six  or  feven  feet  of  water  upon  the  bafe  of  a fquare  inch  will  give  7 2 or  84. 
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folid  inches,  and  thofe  at  1000  ounces  to  the  cubic  foot,  or  1728  inches  will 
give  41  ounces,  or  two  pounds  nine  ounces  for  the  preflure  upon  a fquare  inch, 
represented  by  the  firft  of  thefe  numbers.  The  fecond  number  will  give  near 
48  ounces,  or  three  pounds.  Thefe  preflu  res'  referred  to  a column  of  mercury, 
which  is  a very  ufual  and  convenient  method  of  admeafurement,  will  correfpond 
to  5.3  and  6.2  inches  elevation  of  that  fluid ; that  is  to  fay,  at  molt  not  one 
fifth  of  an  atmofphere. 

In  fome  of  the  early  volumes  of  the  Abridgment  of  the  Tranfa&ions,  there 
is  an  account  of  a method  of  conveying  air  to  vad'diftances,  through  pipes  for 
the  purpofe  of  blowing,  and  as  I think,  fpeaking  from  reColleCtion,  for  the  com- 
munication of  mechanic  effeCt.  This  fcheme  was  put  in  practice  by  the  father  of 
the  iron  mafler  from  whom  the  preceding  information  was  received.  The  pro- 
ject, which  did  not  fucceed,  cod  four  thoufand  pounds.  Three  engines  were 
ereCted,  confiding  of  bellows  worked  by  large  water  wheels,  at  a fall  of  water 
eighteen  hundred  yards  diflant  from  the  iron  work  to  which  the  air  was  intended 
to  be  conveyed.  A pipe  ten  inches  diameter  conveyed  the  air  from  the  engine 
to  the  works,  and  the  dream  of  air  was  never  fo  drong  as  to  blow  out  a candle. 
So  l find  it  in  my  notes;  but  I think,  from  recollection,  the  expredion  was,  to 
affeCt  the  flame  of  a candle,  and  certainly  a very  gentle  breath  of  air  was  meant. 
The  engine  worked  but  a few  drokes  before  it  dopped.  The  proprietor  con- 
cluded that  the  pipe  was  in  fome  part  defignedly  obdrudted  ; but  upon  advice, 
he  put  a cat  into  the  pipe,  which  walked  through  it  and  came  out  at  the  other 
end.  It  remained,  therefore,  to  afeertain  whether  the  obdruCtion  of  thfe  air  arofe 
merely  from  the  length  of  the  pipe.  For  this  purpofe  holes  were  cut  in  the- pipe 
at  various  didances  from  the  end  at  which  the  air  entered,  and  proper  coverings 
prepared,  that  each  might  be  opened  at  pleafure*.  It  was  found  that  the  engine 
worked  flower,  the  remoter  the  hole  which  was  opened,  the  wind  ifluing  of  courfe 
with  lefs  flrength  ; and  when  the  hole  was  made  at  a certain  didance,  it  dopped. 
I did  not  afk  the  didance.  It  is  faid  that  the  paflage  of  air  from  a blowing 
machine  to  its  place  of  efcape  is  confiderably  impeded  through  pipes  of  the 
length  of  40  or  50  feet.  The  faCt,  which  is  perfeCUy  authentic,  is  certainly  very 
curious.  Whether  it  is  to  be  aferibed  to  the  lofs  by  fri&ion  of  a momentum,  in 
which  the  velocity  is  fo  great  and  the  mafs  fo  fmall ; or  whether  there  be  any 
effetd  fimilar  to  that  dickage  which  takes  place  when  wool,  or  other  eladic  bodies 
are  rammed  into  a tube,  mud  be  determined  from  a numerical  edimate  of  all  the 
faCts,  and  may  perhaps  require  new  experiments.  I cannot  help,  however,  en- 
tertaining the  opinion,  that  the  former  caufe  is  the  mod  effectual  in  this  bufinefs, 
and  that  the  undertaking  here  deferibed  might  have  been  made  to  anfwer  by 
enlarging  the  diameter  of  the  tube.  For  if  the  impediment  be  friction  arifing 
from  the  velocity  of  the  mafs,  that  element  will  diminifh  in  proportion  as  the 
diameter  of  the  tube  is  increafed,  and  the  quantity  of  furface  rubbed  againd  by 
the  fame  mafs  of  air  will  not  alter.  Hence,  it  fhould  follow,  that  if  a tube,  of  an 
inch  diameter  and  three  feet  long,  do  not  perceptibly  refid  the  paflage  of  the  air, 
another  tube  thirty  feet  long,  will  afford  no  more  refiflance,  provided  its  diamete 
be  ten  inches,  that  is  to  fay,  proportional  to  its  length. 

TUFA.  See  Tophi. 

TUNGSTEN  -is  a mineral  of  an  opake  white  colour,  very  heavy,  and  01 
moderate  degree  of  hardnefs : its  crydals  are  oCtahedrons.  Its  fpecific  gra 
is  6.0665,  according  to  Briflon  ; from  4.99  to  5.8,  according  to  Kirwan. 

This  fubdance  has  a fparry  appearance,  and  was  long  confounded  with 
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white  tin  ore.  It  is  found  at  Bitfberg,  at  Riddharhittan,  at  Marienberg,  at- 
Alremberg  in  Saxony,  and  ac  Sauberg  near  EhrenfriederfdorfF. 

Mr.  Rafpe,  in  Crell’s  Annals  tor  June  1785,  gave  an  account  of  two  mines  of 
tungften  in  the  province  of  Cornwall,  from  which  thoufands  of  tons  might  be 
extracted.  This  philofopher  obtained  the  metal  in  the  proportion  of  about  thirty- 
fix  livres  the  quintal.  . He  adds  that  this  metal  contains  little  iron  ; that  it  is  very 
fixed  and  refradlory  in  the  fire ; and  that  it  a<5ts  on  glafs  like  the  hardeft  fled. 

The  tungften  was  formerly  clafted  among  iron  ores ; but  it  has  been  examined 
by  Scheele,  Bergman,  and  De  Luyart.  See  Acid  of  Tungsten. 

TUPvBITH  MINERAL.  This  name  is  given  to  a preparation  of  mercury 
made  in  the  following  manner  : 

Some  mercury  is  put  into  a glafs  retort,  and  upon  it  is  poured  an  equal  weight 
of  concentrated  vitriolic  acid,  or  more,  according  to  the  degree  of  concentration 
of  this  acid.  Thcfe  matters  are  to  be  diftilled  together  in  a land-bath  till  nothing 
remains  in  the  retort  but  a dry  faline  fubftance,  which  is  a combination  of  mercury 
with  vitriolic  acid.  The  union  of  thefe  two  matters  cannot  be  diredtly  effecled 
but  by  this  procefs,  becaufe  the  vitriolic  acid  cannot  attack  mercury  unlefs  it  be 
highly  concentrated,  and  becaufe  this  concentration  cinnot  be  performed  fo  well 
in  open  as  in  clofe  veflels.  Befides,  the  heat  in  this  operation  favours  confider- 
ably  the  adtion  of  the  acid  upon  the  mercury.  The  acid  which  pafles  into  the 
receiver  during  the  diftillatioil  is  very  fulphureous,  from  the  lofs  of  vital  air, 
which  may  be  expelled  again  by  heat  from  the  mercurial  calx. 

The  white  faline  mafs  left  at  the  bottom  of  the  retort  is  to  be  put  into  a large 
veffel,  and  upon  it  large  quantities  of  hot  water  are  to  be  poured  at  feveral  dif- 
ferent times.  This  water  feparates  the  redundant  acid,  takes  it  from  the  mercury, 
which  is  then  precipitated  to  the  bottom  of  the  veftel,  in  form  of  a very 
(Lining  yellow  citron-coloured  powder.  This  yellow  mercurial  powder,  having 
been  well  walhed,  is  called  turbith  mineral,  and  is  a very  powerful  emetic. 

The  water  with  which  it  is  wafhed  contains  a portion  of  acid  that  was  united 
with  the  mercury  ; and  alfo  contains  a little  mercury  in  the  faline  ftate,  which  is 
foluble  in  water,  by  means  of  the  very  large  quantity  of  acid. 

Turbith  mineral  may  alfo  be  made  by  precipitating  mercury  from  its  folution 
in  nitrous  acid,  by  means  of  vitriolic  acid,  or  of  fome  vitriolic  fait.  For  this 
purpofe  the  nitrous  acid  muft  be-well  faturated  with  mercury  ; for  if  it  contain 
any  unfaturated  acid,  no  turbith  mineral  will  appear  upon  adding  either  vitriolic 
falts  or  pure  vitriolic  acid.  Hence  miftakes  may  be  committed  in  making  ex- 
periments to  difover  the  prefence  of  vitriolic  acid,  by  means  of  a folution  of 
mercury,  as  is  frequently  done. 

Tur'oit'A  mineral  becomes  yellow  only  by  being  deprived  of  the  adhering 
vitriolic  acid,  and  remains  white  till  it  has  been  wafhed  with  a large  quantity  of 
water  ; in  general,  the  more  perfedtly  it  is  deprived  of  acid,  the  deeper  yellow 
colour  it  acquires. 

Turbith  mineral  has  been  formerly  celebrated  for  the  cure  of -the  venereal 
difeafe;  but  it  is  now  little  ufed,  becaufe  preferable  mercurial  remedies  have  been 
difeovered.  See  Acid  (Vitriolic),  and  Mercury.. 

TURNSOLE.  See  Heliotropium. 

TURKEY  STONE.  Cos  Turcica.  This  ftone  is  of  a dull  white  colour, 
and  often  of  an  uneven  texture,  fome  parts  appearing  more  compact  than  others, 
fo  that  it  is  in  fome  meafure  (battery.  It  is  ufed  as  a whetftone  : and  thofe  of  the 
fined  grain  are  the  bed  hones  for  the  mod  delicate  cutting  tools,  and  even  for 
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razors,  lancets,  &c.  Its  fpecific  gravity  is  2,598.  It  gives  fire  with  fteel,  yet 
effervefces  with  acids.  Kirwan  found  that  100  parts  of  it  contain  25  of  mild 
calcareous  earth,  and  no  iron. 

There  probably  are  two  forts  of  ftones  known  by  this  name,  as  Wallerius 
affirms  that  which  he  defcribes  neither  to  give  fire  with  fteel,  nor  eftervefce 
with  acids.  Workmen  affirm  that  this  ftone  hardens  with  oil.  The  value  of 
fuch  fpecimens  as  contain  a very  fine  grit,  or  filiceous  part,  is  much  greater  than 
that  of  the  common  fain  pies.  Artifts  feled  them  by  trial ; but  it  is  not  generally 
known  that  m oft  of  thefe  ftones  have  a fine  and  a coarfe  fide,  and  ought  therefore 
to  be  fawed  with  an  attention  to  this  circumftance.  It  naturally  arifes  from  the 
ftone  having  been  formed  from  fubfidence  in  water. 

TURMERIC  (terra  merita)  curcuma  longa,  is  a root  brought  to  us  from  the 
Eaft  Indies.  Berthollet  had  an  opportunity  of  examining  fome  turmeric  which- 
came  from  Tobago,  which  was  fuperior  to  that  which  is  met  with  in  commerce, 
both  in  the  fize  of  the  roots  and  the  abundance  of  the  colouring  particles.  This* 
fubftance  is  very  rich  in  colour,  and  there  is  no  other  which  gives  a yellow  colour 
of  fuch  brightnefs ; but  it  poffeflfes  no  durability,  nor  can  mordants  give  it  a! 
fufficient  degree.  Common  fait  and  fal  ammoniac  are  thofe  which  fix  the  colour 
beft,  but  they  render  it  deeper,  and  make  it  incline  to  brown  ; fome  recommend  a 
fmall  quantity  of  muriatic  acid.  The  root  muft  be  reduced  to  powder  to  be  fit 
for  ufe.  It  is  fometimes  employed  to  give  the  yellows  made  with  weld  a gold 
caft,  and  to  give  an  orange  tinge  to  fcarlet ; but  the  (hade  the  turmeric  imparts 
foon  difappears  in  the  air. 

Mr.  Gnhliche  gives  two  procefles  for  fixing  the  colour  of  turmeric  on  filk.  The 
firft  confifts  in  aluming  in  the  cold  for  twelve  hours  a pound  of  filk  in  a folution 
of  two  ounces  of  alum,  and  dyeing  it  hot,  but  without  boiling,  in  a bath  com- 
pofed  of  two  ounces  of  turmeric  and  a quart  (mefure)  of  aceco-citric  acid  (fee 
page  234),  mixed  with  three  quarts  oUwater.  The  fecond  procefs  confifts  in 
extracting  the  colouring  particles  from  the  turmeric  by  aceto-citric  acid,  in  the 
wvay  defcribed  for  brazil  wood,  and  in  dyeing  the  filk  alumed  as  already  men- 
tioned in  this  liquor,  either  cold  or  only  moderately  warm.  The  colour  is  ren- 
dered more  durable  by  this  than  by  the  former  procefs-.  The  firft  parcel  irn- 
merfed  acquires  a gold  yellow;  the  colour  of  the  fecond  and  third  parcels  is 
lighter,  but  of  the  fame  kind ; that  of  the  fourth  is  a draw  colour.  Mr.  Guhliche 
employs  the  fame  procefs  to  extract  fine  and  durable  colours  from  fuftic,  broom,, 
and  French  berries ; he  prepares  the  wool  by  a flight  aluming,  to. which  he  adds 
a little  muriatic  acid.  He  feems  to  content  himfelf  in  thefe  cafes  with  vinegar 
or  fome  other  vegetable  acid,  inftead  of  his  aceto-citric  acid,  for  the  extraction  of 
the  colour  ; he  directs  that  a very  fmall  quantity  of  folution  of  tin  fliould  be  put 
into  the  dye-bath. 

TURPENTINE  is  a refinous  juice  extracted  from  feveral  trees.  'Sixteen 
ounces  of  Venice  turpentine  being  diftilled  with  water,  yielded  four  ounces  and 
three  drams  of  effential  oil;  and  the  fame  quantity,  diftilled  without  water,  yielded 
with  the  heat  of  a water  bath  two  ounces  only.  When  turpentine  is  diftilled  or 
boiled  with  water  till  it  becomes  folid,  it  appears  yellowifts ; when  the  procefs  is 
further  continued,  it  acquires  a reddiih  brown  colour.  In  the  firft  ftate  it  is  called 
boiled  turpentine  ; and  in  the  fecond  colophony,  or  common  rofin.  On  diftilling 
fixteen  ounces  in  a retort  with  an  open  fire  increafed  by  degrees,  Neumann  ob- 
tained, firft,  four  ounces  of  a limpid  colourlefs  oil  ; then  two  ounces  and  a dram 
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of  a dark  brownilh  red  empyreumatic  oil,  of  the  confidence  of  a balfam,  and  com- 
monly diftinguiftied  by  that  name. 

'The  efiential  oil  commonly  called  fpirit  of  turpentine,  cannot  without  Angular 
difficulty  be  diffolved  in  fpirit  cf  wine,  though  turpentine  itfelf  is  eafily  foluble 
in  f hat  fpirit.  One  part  of  the  oil  maybe  diffolved  in  feven  parts  of  redified 
fpirit  of  wine  ; but  on  (landing  a while,  the  greateft  part  of  the  oil  feparates  and 
falls  to  the  bottom. 

TURPETH.  See  Turbith. 

TUTENAG.  This  name  is  given  in  India  to  the  femi-metal  zinc.  It  is 
Tometimes  applied  to  denote  a white  metallic  compound  brought  from  China, 
called  alfo  Chinefe  copper,  the  art  of  making  which  is  not  known  in  Europe.  Tt 
is  very  tough,  (Irong,  malleable,  may  be  eafily  cad,  hammered,  and  polifhed ; 
and  the  better  kinds  of  it,  when  well  manufactured,  are  very  white,  and  not  more 
difpofed  to  tarniflh  than  filver  is.  - Three  ingredients  of  this  compound  may  be 
difcovered  by  analyfis ; namely,  copper,  zinc,  and  iron. 

The  above  is  a.ndte  of  Keir  upon  Macquer.  Some  of  the  Chinefe  white  cop- 
per is  faid  to  be  merely  copper  and  arfenic. 

Mr.  Engedrom,  in  the  Memoirs  of  Stockholm  for  the  year  1775,  quoted  by 
..Kirwan,  has  given  us  an  analyfis  of  a tutenag  ore  from  China.  It  was  of  a white 
colour,  interfperfed  with  red  dreaks  of  calx  of  iron,  and  fo  brittle  as  to  be  eafily 
broken  betwixt  the  fingers.  In  the  dry  way  it  exhibited  the  fame  appearances 
as  zinc  fpar,  except  that  it  lod  no  part  of  its  weight.  It  was  foluble  in  the  mi- 
neral acids,  particularly  with  the  affidance  of  heat,  and  with  the  vitriolic  afforded 
vitriol  both  of  zinc  and  iron.  The  quantity  of  fixed  air  was  fo  fmall  as  to  be 
abforbed  by  folution.  It  contained  in  various  fpecimens  from  60  to  90  per  cent, 
of  zinc  ; the  remainder  was  iron,  and  a fmall  proportion  of  clay.  This  variety  of 
calciform  ores,  which  was  mixed  with  a notable  proportion  of  iron,  was  alfo  difco- 
vered in  Germany  by  Mr.  Bindheim,  who  found  it  to  confid  of  zinc,  a little  iron, 
and  (ilex.  4 Berl.  Schrift.  400. 

TUTTY.  A metallic  fubdance,  various  in  its  compofition  and  properties, 
which  neverthelefs  appear  to  depend  on  the  prefence  of  zinc.  The  better  forts 
of  tatty,  according  to  Neumann,  are  in  femi-cylindrical  concave  pieces,  like  the 
bark  of  a tree  ; ponderous  and  fomewhat  fonorous ; moderately  compact,  and 
generally  not  eafy  to  break ; of  an  afh  or  moufe-gray  colour,  often  with  yellow 
or  green  variegations ; pretty  fmooth  on  the  infide,  full  of  cavities  or  protuberances 
on  the  outfide.  The  entire,  compad,  gray  pieces  are  preferred  j the  broken, 
powdery,  crumbly,  yellow,  or  reddifh,  rejected.  Boeder  relates  that  tutty  has  a 
(harp  tade,  but  no  fuch  tade  is  perceptible  in  ours. 

Wiegleb  affirms  that  the  matter  which  in  the  fufion  of  brafs  is  depofited  over 
the  melted  metal  is  called  tutty  ; but  Neumann  made  various  unfuccefsful  en- 
quiries relative  to  its  origin,  and  the  place  where  it  may  be  produced.  That  it 
is  not  produced  at  Gofiar,  or  Schneeberg,  nor  at  any  of  the  confiderable  foun- 
deries  of  brafs,  bronze,  bell-metal,  &c.  in  Germany,  Holland,  France,  Italy,  and 
England,  he  affirms  from  his  own  experience.  He  therefore  concludes  that  it  is 
an  artificial  produdion,  exprefsly  made  up  of  the  calx  of  zinc,  with  clay  and  other 
matters. 

TYPE  METAL.  The  bafis  of  type  metal  for, printers  is  lead,  and  the  prin- 
cipal article  ufed  in  communicating  hardnefs  is  the  regulus  of  antimony,  to  which 
copper  and  brafs  in  various  proportions  are  added.  The  properties  of  a good  type 
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metal  are,  that  it  diould  run  freely  into  the  mould,  and  poffefs  hardnefs  without 
being  exceflively  brittle.  The  fma!ller  letters  are  made  of  a harder  compofition 
than  thofe  of  a larger  fize.  It  does  not  appear  that, our  type  founders  are  in  pof- 
feffion  of  a good  compofition  for  this  purpofe.  The  principal  defeat  of  their  com- 
pofition appears  to  be,  that  the  metals  do  not  uniformly  unite.  In  a piece  of  call- 
ing performed  at  one  of  our  principal  founderies,  the  thicknefs  of  which  was  two 
inches,  I found  one  fide  hard  and  brittle  when  fcraped,  and  the  other  fide, 
confiding  of  nearly  half  the  piece,  was  foft  like  lead.  The  transition  from  foft 
to  hard  was  fudden,  not  gradual.  If  a parcel  of  letter  of  the  fame  fize,  and 
cading  be  examined,  fome  of  them  are  brittle  and  hard,  and  refid  theTnife, 
but  others  may  be  bended  and  cut  into  lhavings.  It  may  eafily  be  imagined  that 
the  duration  and  neatnefs  of  thefe  types  mud  confiderably  vary.  I have  been  in- 
formed, but  do  not  know  the  fadt  from  trial,  that  the  types  cad  in  Scotland  are 
harder  and  more  uniform  in  their  qualities. 


V 

V A P VAR 

VAPOUR.  The  eladic  fluids  or  fubtle  invifible  matters  which  fly  off  from 
bodies  fubjefted  to  chemical  operations  or  otherwife,  are  called  vapours. 
But  accurate  chemical  writers  confine  this  appellation  to  fuch  exhalations  only 
as  may  be  condenfed  into  the  fluid  date  by  cold,  in  contradidindion  to  the 
aerial  fluids,  of  which  fcarcely  any  are  fo  convertible  by  any  means  in  our 
power. 

VARNISH.  Lac  varnifhes  or  lacquers  confid  of  different  refins  in  a date  of 
folution,  *of  which  the  mod  common  are  madich,  fandarach,  lac,  benzoin,  co- 
pal, amber,  and  afphaltus.  The  mendrua  are  either  cxpreffed  or  effential  oils,  as 
alfo  fpirit  of  wine.  For  a lac  varnifh  of  the  firfl  kind,  the  common  painter’s^ 
varnidi  is  to  be  united  by  gently  boiling  it  with  fome  more  madich  or  colo- 
phony, and  then  diluted  again  with  a little  more  oil  of  turpentine.  The  latter 
addition  promotes  both  the  gloffy  appearance  and  cjrying  of  the  varnidi.  Of 
this  fort  is  the  amber  varnidi.  To  make  this  varnidi,  half  a pound  of  amber 
is  kept  over  a gentle  fire  in  a covered  iron  pot,  in  the  lid  of  which  there  is  a. 
fmall  hole,  till  it  is  obferved  to  become  foft,  and  to  be  melted  together  into  one 
mafs.  As  foon  as  this  is  perceived,  the  veffel  is  taken  from  off  the  fire,  and  dif- 
fered to  cool  a little;  when  a pound  of  good  painter’s  varnidi  is  added  to  ir„ 
and  the  whole  differed  to  boil  up  again  over  the  fire,  keeping  it  continually  ftir- 
ring.  After  this,  it  is  again  removed  from  the  fire  ; and  when  it  is  become 
fomewhat  cool,  a pound  of  oil  of  turpentine  is  to  be  gradually  mixed  with  it. 
Should  the  varnidi,  when  it  is  cool,  happen  to  be  yet  too  thick,  it  may  be  atte- 
nuated with  more  oil  of  turpentine.  This  varnidi  has  always  a dark-brown  co- 
lour., becaufe  the  amber  isprevioufly  half-burned  in  this  operation  ; but  if  it  be: 
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required  of  a bright  colour,  amber  powder  mud  be  diffolved  in  tranfparent 
painter’s  varni(h,  in  Papin’s  machine  by  a gentle  fire.  As  an  inftance  of  the  fe- 
cond  fort  of  lac  varnifhes  with  ethereal  oils  alone,  may  be  adduced  the  varnifh 
made  with  oil  of  turpentine.  For  making  this,  maftich  alone  is  diffolved  in  oil 
of  turpentine  by  a very  gentle  digefdng  heat  in  clofe  glafs  veffels.  A varnifh  of 
the  confidence  of  thin  turpentine  is  obtained  for  aeroftatic  machines,  by  the  di- 
geftionof  one  part  of  eladic  gum  cut  into  fmall  pieces,  in  thirty-two  parts  of 
redified  oil  of  turpentine.  Previoufly  to  its  being  ufed  however  it  mud  be  paffed 
through  a linen  cloth,  in  order  that  the  undiffolved  parts  may  be  left  behind. 
The  third  fort  of  lac  -varnifhes  confids  in  the  fpirit  of  wine-varnifh.  The 
mod  folid  refins  yield  the  mod  durable  varnilbes ; but  a varnifh  mud  never  be 
expeded  to  be  harder  than  the  refi-n  naturally  is  of  which  it  is  made.  Hence,  it 
is  the  height  of  abfurdity  to  fuppofe  that  there  are  any  incombudible  varnifhes, 
fince  there  is  no  fuch  thing  as  an  incombudible  refin.  But  the  mod  folid  refins 
by  themfelves  produce  brittle  varnidies ; therefore  fcmething  of  a fofter  fub- 
dance  mud  always  be  mixed  with  them,  whereby  this  brittlenefs  is  diminifhed. 
For  this  purpofegutn  elemi,  turpentine,  or  balfam  of  capaiva  are  employed  in 
proper  proportions.  For  the  folution  of  thefe  bodies  the  dronged  alcohol 
ought  to  be  ufed,  which  may  very  properly  indeed  be  diddled  over  alkali,  but 
mud  not  have  dood  upon  alkali.  The  utmod  fimplicity  in  compofition  with 
refped  to  the  number  of  the  ingredients  in  a formula  is  the  refult  of  the  greated 
fkill  in  the  art ; hence,  it  is  no'  wonder  that  the  greated  part  of  the  formulas 
and  recipes  that  we  meet  with  are  compofed  without  any  principle  at  all. 

In  conformity  to  thefe  rules,  a fine  colourlefs  varnifh  may  be  obtained,  by  dif- 
folving  eight  ounces  of  gum  fandarach  and  two  of  Venice  turpentine  in  thirty- 
two  ounces  of  alcohol  by  a gentle  heat.  The  following,  which  is  obtained  from 
five  ounces  of  fhell  lac  and  one  of  turpentine,  diflolved  in  thirty-two  ounces 
of  alcohol  by  a very  gentle  heat,  is  harder,  but  of  a reddifh  cad. ' To  thefe  the 
dilutions  of  copal  and  amber  are  undoubtedly  preferable  in  many  refpe<fts.  The 
folution  of  the  former  is  effe&ed  by  triturating  an  ounce  of  powder  of  gum  co- 
pal, which  has  been  well  dried  by  a gentle  heat,  with  a dram  of  camphire,  and, 
while  thefe  are  mixing  together,  adding  by  degrees  four  ounces  of  the  dronged 
alcohol,  without  any  digedion.  But  Wiegleb,.  from  whom  the  foregoing  is  ex- 
tracted, confeffes,  that  he  never  could  fucceed  in  this  way  with  amber. 

Between  this  and  the  gold  varnifh  there  is  only  this  difference,  that  fome  fub- 
dances  that  communicate  a yellow  tinge  are  to  be  added  to  the  latter.  The  mod 
ancient  defcription  of  two  forts  of  it,  one  of  which  was  prepared  with  oil,  and 
the  other  with  fpirit  of  wine,  is  to  be  found  in  A'exius  P.edemontanus  De  i Se- 
creti,  Lucca,  of  which  the  fird  edition  was  pub) Hired  in  the  year  1557.  But  it 
is  better  prepared,  and  more  durable,  when  made  after  the  following  prefcription  : 
Take  two  ounces  of  fhell  lac,  of  arnatto  and  turmeric  of  each  one  ounce,  and 
thirty  grains  of  fine  dragon’s-blood,  and  make  an  extradd  with  twenty  ounces  of 
alcohol  in  a gentle  heat. 

Oil  varnifhes  are  commonly  mixed  immediately  with  the  colours,  but  lac  or 
lacquer  varnifhes  are  laid  on  by  themfelves  upon  a burnifhed  coloured  ground  : 
when  they  are  intended  to  be  laid  upon  naked  wood,  a ground  fhould  be 
■fird  given  them  of  drong  fize,  either  alone  or  with  fome  earthy  colour,  mixed 
up  with  it  by  levigation.  The  gold  lacquer  is  limply  rubbed  over  brafs,  tin,  or 
Fiver-,  to  give  them  a gold'  colour. 

Pere  d’lncarville  has  informed  us,  that  the  tree  which  affords  the  varnilh 
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of  China  is  called  Tfi-chou  by  the  Chinefe.  This  tree  is  propagated  by  off- 
fets.  When  the  cultivator  is  defirous  of  planting  it,  he  takes  a branch,  which 
he  wraps  fup  in  a mafs  of  earth,  by  means  of  flax.  Care  is  taken  to  moiften 
this  earth;  the  branch  puflies  out  roots,  and  is  then  pruned  and  tranfplanted. 
This  tree  grows  to  the  fize  of  a man’s  leg. 

The  varnidi  is  drawn  in  fpring.  If  it  be  a cultivated  tree,  it  affords  three 
gatherings.  It  is  extracted  by  incifions  made  in  the  fpring  ; and  when  the  var- 
nifli,  which  is  received  in  (hells,  does  not  flow,  feveral  hogs  bridles  moidened 
with  water  or  faiiva  are  introduced  into  the  wound,  and  caufe  it  to  run.  When 
the  tree  is  exhauded,  the  upper  part  of  it  is  wrapped  in  draw,  which  is  fet  on. 
fire,  and  c.iufes  the  varnidi  to  precipitate  to  the  bottom  of  the  tree,  where  it 
flows  out  of  perforations  made  for  that  purpofe. 

Thofe  who  colleCt  the  varnidi  fet  out  before  day-break,  and  place  their  fliells 
beneath  the  apertures.  The  (hells  are  not  left  longer  than  three  hours  in  their 
place,  becaufe  the  heat  of  the  fun  would  evaporate  the  varnidi. 

The  varnifh  emits  a fmell  which  the  workmen  are  very  careful  to  avoid  re- 
fpiring.  It  produces  an  effeCt  which  they  call  the  bud  of  the  varnifh. 

When  the  varnidi  iflues  from  the  tree,  it  refembles  pitch.  By  expofure  to 
the  air,  it  gradually  becomes  coloured,  and  is  at  lad  of  a beautiful  black. 

The  juice  which  flows  from  incifions  made  in  the  trunk  and  branches  of  the 
thus  toxicodendron,  poflefles  the  fame  properties.  The  tree  that  grows  in  the 
French  climates  affords  a white  milky  fluid,  which  becomes  black  and  thick  by 
the  contact  of  the  air;  its  colour  is  the  mod  beautiful  black,  and  it  would  be 
eafy  to  introduce  this  valuable  fpecies  of  indudry  into  the  kingdom,  becaufe  the 
tree  grows  wonderfully  well  in  all  climates,  and  refills  the  cold  of  the  winter. 

To  make  the  varnidi  bright,  it  is  evaporated  by  the  fun  ; and  a body  is  given 
to  it  with  hog’s  gall  and  martial  vitriol. 

The  Chinefe  ufe  the  oil  of  tea,  which  they-  render  drying  by  boiling  it  with 
orpiment,  realgar,  and  arfenic. 

The  fundamental  faCts  in  the  art  of  varnifliing  by  refins  are  reduced  by 
Chaptal  to  the  following  principles. 

To  varnidi  any  fubdance,  confids  in  applying  upon  its  furface  a covering  of 
fiich  a nature,  as  (hall  defend  it  from  the  influence  of  the  air,  and  give  it  a 
(hining  appearance. 

A coat  of  varnidi  ought  therefore  to  poflefs  the  following  properties 1.  It 
mud  exclude  the  aCtion  of  the  air ; becaufe  wood  and  metals  are  varnidied  to 
defend  them  from  decay  and  rud.  2.  It  mud  refid  water  ; for  otherwife  the  ef- 
fect of  the  varnidi  could  not  be  permanent.  3.  It  ought  not  to  alter  fuch  co- 
lours as  are  intended  to  be  prefetved  by  thisuneans. 

It  is  neceflary  therefore  that  a'  varnidi  (h'ould  be  eafily  extended  or  fpread  over 
the  furface,  without  leaving  pores  or  cavities ; that  it  (liould  not  crack  or  fcale  ; 
and  that  it  fhould  refid  water.  Now  refins  are  the  only  bodies  that  poflefs 
thefe  properties. 

Refins  confequently  mud  be  ufed  as  the  bafes  of  varnidi.  The  quedion 
which  of  courfe  prefents  itfelf  mud  be  then,  how  to  difpofe  them  for  this  ufe ; 
and  for  this  purpofe -they  mud  be  diflolved,  as  minutely  divided  as  poflible,  and 
combined  in  fuch  a manner,  that  the  imperfections  of  thofe  which  might  be  dif- 
pofed  to  fcale,  may  be  corrected  by  others. 

Refins  may  be  diflolved  by  three  agents—  j.-  By  flxed  oil.  2.  By  volatile 
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oil.  3.  By  alcohol.  And  accordingly  we  have  three  kinds  of  varnilh  : the  fat 
or  oily  varnilh,  effential  varnilh,  and  fpirit  varnilh. 

Before  a refin  is  dilfolved  in  a fixed  oil,  it  is  necefiary  to  render  the  oil  dry- 
ing, For  this  purpofe  the  oil  is  boiled  with  metallic  calces,  in  which  operation 
the  mucilage  of  the  oil  combines  with  the  metal,  while  the  oil  itfelf  unites  with 
the  vital  air  of  the  calx.  To  accelerate  the  drying  of  this  varnilh,  it  is  necef- 
fary  to  add  oil  of  turpentine. 

The  effential  varnifhes  confift  of  a folution  of  refin  in  oil  of  turpentine.  The 
varnifh  being  applied,  the  effential  oil  flies  off,  and  leaves  the  refin.  This  is 
ufed  only  for  paintings. 

When  refins  are  diffolved  in  alcohol,  the  varnifli  dries  very  fpeedily,  and  is 
fubjeft  to  crack  ; but  this  fault  is  corrected  by  adding  a fmall  quantity  of  tur- 
pentine to  the  mixture,  which  renders  it  brighter,  and  lefs  brittle  when  dry.. 

The  coloured  refins  or  gums,  fuch  as  gum  guttae,  dragon’s  blood,  &c.  are 
ufed  to  colour  varnifhes. 

To  give  luftre  to  the  varnifh  after  it  is  laid  on,  it  is  rubbed  with  pounded  pu- 
mice ftone  and  water ; which  being  dried  with  a cloth,  the  work  is  afterwards 
rubbed  with  an  oiled  rag  and  tripoli.  The  furface  is  lad  of  all  cleaned  with  foft 
linen  cloths,  cleared  of  all  greafinefs  with  powder  of  ftarch,  and  rubbed  bright 
with  the  palm  of  the  hand. 

VEGETABLE  KINGDOM.  In  the  mineral  kingdom  little  of  chemical 
operation  takes  place,  wherein  the  peculiar  locality  or  difpofition  of  the  princi- 
ples which  aft  upon  each  other  appears  to  have  any  confiderable  effeft.  The 
principles  for  the  moft  part  Ample  aft  upon  each  other  by  virtue  of  their  refpec- 
tive  attractions;  if  heat  be  developed,  it  is  for  the  moft  part  fpeedily  condufted 
away  ; if  elaflic  produfts  be  extricated,  they  in  general  make  their  efcape  ; — in 
a word,  we  feldom  perceive  in  the  operations  in  the  mineral  kingdom  any  ar- 
rangement which  at  all  refembles  the  artificial  difpofitions  of  the  chemift.  But 
in  the  animal  and  vegetable  kingdoms  it  is  far  ocherwife.  In  the  former  of  thefe, 
bodies  are  regularly  changed  by  mechanical  divifion,  by  digeftion,  and  the  ap- 
plication of  peculiar  folvents,  in  a temperature  exceeding  that  of  the  atmofphere, 
and  the  whole  of  the  effefts  are  aflifted,  modified  and  kept  up  by  an  apparatu 
for  admitting  the  air  of  the  atmofphere.  The  fubjefts  of  the  vegetable  kingdom 
poffefs  undoubtedly  a ftrufture  lefs  elaborate.  They  exhibit  much  lefs  of  thofe 
energies  which  are  faid  to  be  fpontaneous.  The  form  of  their  veflels  is  much 
Ampler,  and,  as  far  as  we  can  perceive,  their  aftion  is  obedient  to  the  changes  of 
the  atmofphere  in  quality  and  moifture,  the  mechanical  aftion  of  winds,  the 
temperature  of  the  weather,  and  the  influence  of  light.  In  thefe  organized  be- 
ings, the  chemift  difcovers  principles  of  a more  compounded  nature  than  any 
which  can  be  obtained  from  the  mineral  kingdom.  Thefe  do  not  previouily 
exift  in  the  earth,  and  muft  therefore  be  refults  of  vegetable  life. 

The  moft  obvious  difference  between  vegetables  and  animals  is,  that  the  latter 
are  in  general  capable  of  conveying  themfelves  from  place  to  place;  whereas  ve- 
getables, being  fixed  in  the  fame  place,  abforb  by  means  of  their  roots  and  leaves 
fuch  fupport  as  is  within  their  reach.  This  appears  on  the  whole  to  confift  of 
air  and  water.  The  greateft  part  of  the  fupport  of  animals  are  the  produfts  al- 
ready elaborated  in  the  vegetable  kingdom.  The  produfts  of  thefe  two  king- 
doms in  the  hands  of  the  chemift  are  remarkably  different,  though  perhaps 
not  exclufively  fo.  One  of  the  moft  diftinftive  characters  fee  ms  to  be  the  pre- 
fence 
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fence  of  phlogifticated  air  or  azotic  gas,  which  may  be  extricated  from  animal 
fubftances  by  the  application  of  nitrous  acid,  and  enters  into  the  compofition  of 
the  volatile  alkali  afforded  by  deftrutftive  diltillation.  It  was  long  fuppofed, 
that  volatile  alkali  was  exclufively  the  produft  of  the  animal  kingdom,  but  it  is 
now  well  known  that  certain  plants  likewife  afford  it. 

When  it  is  confidered,  that  by  far  the  greater  part  of  every  organized  fub- 
ftance  is  capable  of  affirming  the  elaftic  form,  and  being  volatilized  by  heat; 
that  the  produ&s  are  during  life  brought  into  combination  by  flow  and  long- 
continued  proceffes,  and  are  kept  feparate  from  each  other  in  the  veffels  of  the 
plant  or  animal ; that  thefe  combinations  are  liable  to  be  altered  by  the  deftruc- 
tion  of  thofe  veffels,  as  well  as  by  every  notable  change  of  temperature,  it  will 
not  appear  furprifmg  that  the  chemical  analyfis  of  plants  fhould  be  in  a very  im- 
perfect (late.  The-ancient  chemifts  had  no  other  methods  of  examining  plants 
than  by  deftrutftive  diltillation,  and  the  fucceffive  application  of  water  and  ar- 
dent fpirit.  They  had  no  method  of  examining  the  elaftic  products  of  their 
diftillations.  This  method  is  on  every  account  of  little  value.  For  the  new 
combinations  produced  by  the  heat,  exhibit  products  nearly  fimilar  from  fub- 
ftances  originally  very  different.  The  other  method  by  the  application  of  fob 
vents  is  fomewhat  more  accurate,  and  has  befides  afforded  products  of  confider- 
able  utility  in  the  arts  and  for  the  ordinary  purpofes  of  life.  A flight  flcetch  of 
the  requifite  manipulations  has  been  given  under  our  article  Animal  Kingdom. 

In  the  ftruCture  of  vegetables  we  obferve  the  external  covering  or  bark,  the 
ligneous  or  woody  matter,  the  veffels  or  tubes,  and  certain  glandular  or  knotty 
parts.  The  comparative  anatomy,  and  immediate  ufes  of  thefe  parts,  form  an 
objeCt  of  interefting  refearch,  but  lefs  immediately  within  the  province  of  a che- 
mical work. 

The  nutrition  or  fupport  of  plants  appears  to  require  water,  earth,  light,  and 
air.  There  are  various  experiments  which  have  been  inftituted  to  Ihevv  that  water 
is  the  only  aliment  which  the  root  draws  from  the  earth.  Van  Helmont  planted 
a willow,  weighing  -fifty  pounds,  in  a certain  quantity  of  earth  covered  with  (beet 
lead  : he  watered  it  for  five  years  with  diftilled  water } and  at  the  end  of  that 
time  the  tree  weighed  one  hundred  and  fixty-nine  pounds  three  ounces,  and  the 
earth  in  which  it  had  vegetated  was  found  to  have  fuffered  a lofs  of  no  more 
than  three  ounces.  Boyle  repeated  the  fame  experiment  upon  a plant,  which 
at  the  end  of  two  years  weighed  fourteen  pounds  more,  without  the  earth  in  which 
it  had  vegetated  having  loft  any  perceptible  portion  of  its  weight. 

Meffrs.  Duhamel  and  Bonnet  fupported  plants  with  mofs,  and  fed  them  with 
mere  water  : they  obferved  that  the  vegetation  was  of  the  moft  vigorous  kind ; 
and  the  naturalift  of  Geneva  obferves,  that  the  flowers  were  more  odoriferous,  and 
the  fruit  of  a higher  flavour.  Care  was  taken  to  change  the  fupports  before  they 
could  fuffer  any  alteration.  Mr.  Tillet  has  likewife  raifed  plants,  more  efpecially 
of  the  gramineous  kind,  in  a fimilar  manner ; with  this  difference  only,  that  his 
fupports  were  pounded  glafs,  or  quartz  in  powder.  Hales  has  obferved  that  a 
plant  which  weighed  three  pounds,  gained  three  ounces  after  a heavy  dew.  Do 
we  not  every  day  obferve  hyacinths  and  other  bulbous  plants,  as  well  as  grami- 
neous plants,  raifed  in  faucers  or  bottles  containing  mere  water  ? 

All  plants  do  not  demand  the  fame  quantity  of  water ; and  nature  has  varied 
•the  organs  of  the  feveral  individuals  conformably  to  the  neceflity  of  their  being 
fupplied  with  this  food.  Plants  which  tranfpire  little,  fuch  as  the  moffes  and  the 
lichens,  have  no  need  of  a confiderable  quantity  of  this  fluid  ; and  accordingly 
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they  are  fixed  upon  dry  rocks,  and  have  fcarcely  any  roots  : but  plants  which  re- 
quire a larger  quantity,  have  roots  which  extend  to  a great  diftance,  and  abforb 
humidity  throughout  their  whole  furface. 

The -leaves  of  plants  have  likewife  the  property  of  abforbing  water,  and  of  ex- 
tracting from 'the  atmofphere  the  fame  principle  which  the  root  draws  from  the 
earth.  But  plants  which  live  in  the  water,  and  as  it  were  fwim  in  the  element 
which  ferves  them  for  food,  have  no  need  of  roots ; they  receive  the  fluid  at  all 
their  pores  : and  we  accordingly  find  that  the  fucus,  the  ulva,  &c.  have  no  roots 
whatever.  The  purer  the  water,  the  more  falutaryit  is  to  plants.  Mr.  Duhamel 
has  drawn  this  confequence  from  a feries  of  well-made  experiments,  by  which  he 
has  proved  that  water  impregnated  with  falls  is  fatal  to  vegetation.  Hales  caufed 
them  to  abforb  various  fluids  by  making  incifions  in  their  roots,  and  plunging 
them  into  fpirics  of  wine,  mercury,  and  various  faline  folutions ; but  he  was  con- 
vinced that  thefe  were  all  poifons  to  the  vegetables.  Befides,  if  thefe  falts 
were  favourable  to  the  plants,  they  would  be  again  found  in  the  individual  which 
had  been  watered  with  a folution  of  them  ; whereas  Mefirs.  Thouvenel  and 
Cornette  hav'e  proved  that  thefe  falts  do  not  pafs  into  the  vegetable.  We’ muff 
neverthelefs  except  the  marine  plants,  becaufe  the  fea-falt  of  which  they  have  need 
is  decompofed  in  them  ; and  produces  a principle  which  appears  neceflary  to  their 
exiftence,  fince  they  languifh  without  it. 

Though  it  is  proved  that  pure  water  is  more  proper  for  vegetation  than  water 
charged  with  falts,  it  mult  not  on  that  account  be  concluded,  that  water  cannot  be 
difpofed  in  a more  favourable  manner  to  the  developement  of  vegetables,  by 
charging  it  with  the  remains  of  vegetable  and  animal  decompofition.  If,  for 
example,  the  water  be  loaded  with  principles  difengaged  by  fermentation  or  pu- 
trefaction, the  plant  then  receives  juices  already  affimilated  to  its  nature,  and 
thefe  prepared  aliments  muft  haften  its  growth.  Independent  of  thofe  juices  al- 
ready formed,  the  nitrogene  gas,  which  conftitutes  one  of  the  nutritive  princi- 
ples of  plants,  and  is  abundantly  afforded  by  the  alteration  of  vegetables  and 
animals,  muft  facilitate  their  developement.  A plant  fupported  by  the  remains 
of  vegetables  and  animals,  is  in  the  fame  fituation  as  an  animal  fed  on  milk 
only  ; its  organs  have  lefs  difficulty  in  elaborating  this  drink  than  that  which  has 
not  yet  been  animalized. 

The  dung,  which  is  mixed  with  earths,  and  decompofed,  not  only  affords  the 
alimentary  principles  we  have  fpoken  of,  but  likewife  favours  the  growth  of  the 
plant  by  that  conftant  and  fteady  heat  which  its  ulterior  decompofition  produces. 
Thus  it  is  that  Fabroni  affirms  his  having  obferved  the  developement  of  leaves 
and  flowers  in  that  part  of  a tree  only  which  was  in  the  vicinity  of  a heap  of 
dung.  . 

From  the  preceding  circumftances  it  appears,  that  the  influence  of  the  earth 
in  vegetation  is  almofl  totally  confined  to  the  conveyance  of  water,  and  probably 
the  elaftic  produds  from  putrefying  fubftances  to  the  plant.  See  Arable 
Lands,  and  Earth  Vegetable. 

Vegetables  cannot  live  without  air.  From  the  experiments  of  Prieflley,  Ingen- 
houfz,  and  Senebier,  it  is  afcertained  that  plants  abforb  the  azotic  part  of  the  at- 
mofphere ; and  this  principle  Appears  to  be  the  caufe  of  the  fertility  which  arifes 
from  the  ufe  of  putrefying  matters  in  the  form  of  manure.  The  aerial  acid  or 
fixed  air  is  likewife  abforbed  by  vegetables,  when  its  quantity  is  Ana'll.  If  the 
compofition  of  fixed  air  be  charcoal  and  vital  air,  as  Mr.  Lavoifier  has  endea- 
voured to  prove  (fee  Air  Fixed),  a large  quantity  mull  by  fome  means  enter 
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into  the  ftrufture  of  vegetables.  Chaptal  has  obferved  that  fixed  air  predominates 
in  the  fungus  and  other  fubterraneous  plants.  But  by  caufing  thefe  vegetables* 
together  with  the  body  upon  which  they  were  fixed,  to  pafs,  by  imperceptible 
gradations,  from  an  almoft  abfolute  darknefs  into  the  light,  the  acid  very  nearly 
difappeared  ; the  vegetable  fibres  being  proportionally  increafed,  at 'the  fame 
time' that  the  reGn  and  colouring  principles  were  developed,  which  he  afciibes  to 
the  vital  air  of  the  fame  acid.  Senebier  has  obferved  that  the  plants  which  he 
watered  with  water  impregnated  with  fixed  air,  tranfpired  an  extraordinary 
quantity  of  vital  air,  which  likewife  indicates  a decompofition  of  the  aerial  acid. 

Light  is  almoft  abfolutely  neceflary  to  plants.  In  the  dark  they  grow  pale,, 
languifh,  and  die.  The  tendency  of  plants  towards  the  light  is  remarkably  feen 
in  fuch  vegetation  as  is  effected  in  a chamber  or  place  where  the  light  is  admitted 
on  one  fide ; for  the  plant  never  fails  to  grow  in  £hat  direftion.  Whether  the 
matter  of  light  be  condenfed  into  the  fubftance  of  plants,  or  whether  it  aft.  merely 
as  a flimulus  or  agent,  without  which  the  other  requifite  chemical  procelfes  cannot 
be  effected,  is  uncertain.  It  is  afcertained  that  the  proceffes  in  plants  ferve,  like 
thofe  in  animals,  to  produce  a more  equable  temperature,  which  is  for  the  moft 
part  above  that  of  the  atmofphere.  Dr.  Hunter,  quoted  by  Chaptal,  obferved  by 
keeping  a thermometer  plunged  in  a hole  made  in  a found  tree*  that  it  conftantly 
indicated  a temperature  feveral  degrees  above  that  of  the  atmofphere,  wheh  it  was 
below  the  fifty-fixth  divifion  of  Fahrenheit ; whereas  the  vegetable  heat,  in  hotter 
weather,  was  always  leveral  degrees  below  that  of  the  atmofphere.  The  fame 
philofopher  has  likewife  obferved,  that  the  fap  which,  out  of  the  tree,  would 
freeze  at  32*,  did  not  freeze  in  the  tree  unlefs  the  cold  were  augmented  13®  more. 

The  vegetable  heat  may  increafe  or  diminifti  by  feveral  caufes,  of  the  nature 
of  difeafe  ; and  it  may  even  become  perceptible  to  the  touch  in  very  cold  wea- 
ther, according  to  Buffon. 

The  compound  principles  obtained  from  vegetables  are,  1.  mucilage,  2.  oil, 
3.  refin,  4.  fecula,  5.  vegetable  gluten,  6*fugar,  7.  acid,  8.  alkali,  9.  colouring 
matter,  10.  pollen  or  wax,  1 1.  wood,  12.  mixed  fluids  diftinguilhed  by  the 
name  of  fap,  .and  13.  elaftic  fluids. 

Mucilage  appears  to  be  the  firfl  ftate  of  the  alimentary  juices  in  vegetables- 
It  compofes  the  balls  of  moft  feeds  and  young  plants,  and  greatly  refembles  the 
mucilage  of  animals,  and  like  that  is'  moft  abundant  in  young  fubjefts.  It  is 
fometimes  found  entirely  alone,  as  in  mallows,  linfeed,  &c.  fometimes  it  is 
combined  with  matters  infoluble  in  water,  which  it  keeps  fufpended  in  the  form 
of  an  emulfion.  In  other  inftances  it  is  combined  with  oil.  Not  unfrequently 
with  fugar,  as  in  thefugar  cane,  Indian  wheat,  carrot,  &c.  It  is  alfo  confounded 
with  the  eflential  fairs  with  excefs  of  acid,  as  in  forrel,  tamarinds,  and  the  like. 
The  charafters  of  mucilage  are  infipidity  of  tafte,  folubility  in  water,  infolubility 
in  ardent  fpirit,  coagulation  by  the  aftion  of  weak  acids,  the  emiffion  of  a coi  » 
fiderable  quantity  of  fixed  air,  at  the  fame  time  that  it  becomes  converted  into 
coal  without  exhibiting  any  flame.  Laftly,  it  is  capable  of  palling  to  the  acid 
fermentation  when  diluted  with  water. 

The  formation  of  mucilage  appears  fcarcely  to  demand  the  aftrion  of  light,  but 
its  fubfequent  changes  require  the  prefence  of  that  agent.  Dried  mucilage  is 
known  in  commerce  by  the  name  of  gum,  which  fee. 

Oils  are  of  two  kinds,  the  fat  or  fixed  oils,  and  the  volatile  or  eflential  oils. 
See  Oil. 
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Camphor  may  be  referred  to  the  efiential  oils,  though  in  various  particulars  it 
differs  from  them  remarkably.  See  the  article. 

A variety  of  refins  are  ufed  in  the  arts;  for  which  fee  Resin,  Balsams,  and 
Gum  Resin,  alfo  Gum  Elastic. 

Chaptal  confiders  thefecula  of  vegetables  as  a fubftance  in  no  other  refpeft  dif- 
fering from  mucilage  than  by  its  infolubility  in  cold  water.  He  accordingly  con- 
rfiders  the  pafte  or  combination  of  flower  with  hot  water  as  an  abfolute  mucilage. 
To  thefe  inductions  various  objections  might  be  made;  but  as  the  fadts  lead  us 
at  prefent  not  much  beyond  conjecture,  it  is  the  lefs  necefiary  to  difeufs  the 
matter.  For  the  general  properties  of  this  fubftance  fee  Bread,  and  Gluten 
Vegetable.  It  is  one  of  the  firft  articles  of  food  for  the  greater  number  of 
animals. 

For  the  properties  of  fugar,  fee  Sugar,  and  Acid  of  Sugar. 

Many  vegetables  contain  fo  large  a proportion  of  acid,  that  its  prefence  is 
exhibited  to  the  tafte  and  by  other  marks  of  difengaged  acidity.  Thefe  impure 
acids  have  been  arranged  according  to  various  divifions.  They  may  be  diftin- 
guifhed  either  according  to  their  diftinCtive  characters,  or  the  means  by  which 
they  are  obtained  ; and  the  latter,  on  account  of  our  imperfeCt  knowledge  of  the 
conftitutional  parts  of  the  products  of  organized  bodies,  appears  on  the  whole  to  be 
the  moft  ufeful.  Morveau  in  the  Encyclopedic  reckons  two  clafles,  namely,  1.  fuch 
acids  as  exift  ready  formed  in  the  vegetable,  whether  in  a ftate  partly  difen- 
gaged, as  in  four  fruits,  or  difguifed  by  fome  neutralizing  principle,  as  the  acid  of 
benzoin,  and  other  balfams,  and  the  half-faturated  acids  of  tartar  and  forrel  : 
2.  acids  produced  by  .chemical  change  in  the  conftitution  of  the  vegetable  mat- 
ter, whether  by  the  acetous  fermentation,  or  by  abftraCtion  of  the  nitrous  acid 
.from  faccharine  or  oily  matters  ; or  laftly  by  deftruCtive  diftillation. 

The  native  vegetable  acids  are  almoft  always  more  or  lefs  contaminated  with 
mucilaginous  and  other  matter.  Thefe  acids  may  in  fome  inftances  be  purified  by 
{training  the  juice  carefully,  infpiftating  it  either  by  heat  or  by  freezing,  and 
{offering  the  acid  to  cryftallize.  This  procefs,  however,  though  the  moft  Ample 
and  natural,  is  far  from  being  eafy,  or  in  many  inftances  practicable.  The  acids 
of  tartar  and  of  forrel  cryftallize  in  this  way,  but  neverthelefs  with  a portion  of 
the  vegetable  alkali  in  combination.  Later  very  ingenious  procefles  have  been 
adopted  by  combining  the  acid  with  calcareous  earth  or  fome  other  fuitable  bafis, 
then  wafhing  off  the  mucilaginous  fluid,  and  again  difengaging  the  acid  by  fome 
other  acid  more  ftrongly  attractive  of  the  bafe.  Inftances  of  thefe  procefles  may  be 
feen  under  the  article  Acid  of  Citrons.  But  I cannot  avoid  making  an  obfer- 
vation  in  this  place,  to  exprefs  my  doubt  whether  it  be  the  true  vegetable  acid  in 
its  original  ftate,  which  is  extricated  at  this  fecond  decompolition.  For  we  find 
that  many  acids  are  difpofed  to  alter  their  character  by  entering  into  combination. 
Thus  in  corrofive  fublimate  and  other  compounds,  the  marine  acid  at  the  time  of 
changing  its  ftate  of  combination  aflumes  the  dephlogifticated  or  aerated  ftate. 
When  to  the  aerated  marine  acid  is  added  the  vegetable  alkali,  the  firft  com- 
pound aflumes  a large  proportion  of  the  vital  air  fuperadded  to  the  acid,  and 
forms  a neutral  fait  containing  an  acid  very  highly  aerated,  while  the  remaining 
addition  of  alkali  forms  the  common  muriated  vegetable  alkali.  So  likewife  the 
acids  obtained  from  cryftals  of  verdigris,  or  from  foliated  tartar,  are  not  common 
vinegar,  but  the  fame  acid  in  the  aerated  ftate,  called  radical  vinegar.  It  is  pro- 
bable that  the  vinegar  aflumed  the  vital  air  at  the  time  of  its  entering  into  thefe 
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combinations,  and  it  is  well  known  that  it  cannot  drflolve  copper  unlefs  it  be 
enabled  to  attradl  this  principle. 

The  vegetable  acids  produced  by  fermentation  are  all  comprehended  under 
the  denomination  of  vinegar.  The  feveral  kinds  of  vinegar  are  found  to  differ 
from  each  other  merely  in  ftrength,  and  the  greater  or  lefs  abundance  of  foreign 
mucilaginous  matter.  See  Vinegar. 

The  abftra&ion  of.  nitrous  acid  by  difbillation  from  fulphur,  phofphorus,  and 
other  combnftible  matters,  for  the  purpofe  of  communicating,  to  them  the  portion 
of  vital  air  which  is  requiftte  to  produce  the  acid  date,  has  been  with  great  fuccefs 
applied  to  vegetable  and  animal  produ&s  by  Seheele,  Bergman,  Berthollet,  and 
other  eminent  chemifts.  See  Acid  of  Sugar.  When  fugar  or  other  laccharine 
fubftances  are  acidified  by  repeated  diftillations  of  nitrous  acid  from  them,  the  acid 
of  tartar  is  formed  ; if  the  procefs  be  continued  farther,  this  acid  becomes  converted 
into  acid  of.  fugar.;  a farther  continuation  produces,  vinegar.  Several  chemifts 
who  maintain  the  do&rine  of  phlogifton,  are . of  opinion,  that  the  nitrous  acid 
contributes  nothing  to  thefe  acids, but  merely. developes  them  from  fuperabundant 
oils  . and  earthy  matters. . But  when  we  reflect  on  the  acidification  of  fulphur  and 
phofphorus  lay  this  very  treatment,  which  requires  nothing  but  the  addition  of 
vital-air j as  far  as.  we  can  perceive,  to  convert  them  into  acids  ; it  feems  reafonable 
alfo  to  infer,  that  vegetable  matters  are  acidified  in  the  fame  way,  and  that  the 
differences  of  the  acids  do  no:  confift  in  a-  greater  or  lefs  purification  of  the  bafis, 
but  in  the  proportion  of  vital  air  communicated  to  each. 

Lemery  in  the  Memoirs  of  the  Royal  Academy  at  Paris  for  1721,  quoted  by*- 
Keir  in  his  valuable  Chemical  Dictionary,  article  Acids  Vegetable,  gives  a 
number  of  obfervations  on  the  diftilled  acids  from  plants.  Heobferves  that  all  plants 
contain  acid,,  but  that  the  quantity  is  not  to  be  eftimated  by  the  produdt  yielded 
by  diflillation ; becaufe  it  rifes  from  fome  plants  in  combination  with  vola- 
tile alkali,  or  with  oil.  Thus  even  forr^l,  which  is  known  to  contain  much  • 
acid,  yields  when  it  is  diftilled  alfo  much  volatile  alkali,  which  combines 
with  the  acid,  fo  that  a lefs  quantity  of  acid  is  in  this  cafe  extricated  than  from  . 
plants  which  exhibit  lefs  indications  of  acidity.  But  if  inftead  of  diftilling 
forrel  'or.  its  juice  in  an  open  fire,  either  of7  thefe  be  firft  expofed  to  the  gentle 
heat  of  a water  bath,  the  volatile  alkali  will  be  thus  expelled,  and  the  acid  may 
be  afterwards  obtained  much  more  copioufly  by  applying  a ftronger  heat,  than  if 
this  latter  degree  of  heat,  which  would  have  raifed  both  principles  at  once,  had 
been  applied  at  firft.  Or  again,  if  the  forrel  be  macerated  and  fullered  to  fer- 
ment in  water,  the  volatile  fait  will  fly  off,  and  the  quantity  of  clear  acid  pro- 
duct by  fubfequent  diflillation  will  be  proportionally  increafed.  Many  plants 
yield  fcarcely  any  acid  by  diftillation,  without  a previous  maceration  and  fermen- 
tation. Others  again,  as  lemons,  give  little  if  any  figns  of  volatile  fait,  and 
much  difengaged  acid.  He  divides  plants  relatively  to  this  fubjeft  into  four 
dalles.  1.  Thofe  which  give  acid  from  the  beginning  to  the  end  of  the  diftil- 
lation, with  little  or  no  volatile  fait.  Such  are  rennet  apples,  and  the  pears  called 
Martin  fee,  or  Franc  royal.  The  fecond  clafs  contains  plants  which  yield  more 
or  lefs  volatile  fait,  but  not  till  the  end  of  the  diftillation,  whereas  the  difengaged 
acid  appears  chiefly  at  firft.  Among  this  clafs  are  the  cichoreum  intybus  Linn.  . 
celery,  lettuce,  fumitory,  gentian-root,  violets,  peaches,  rofes,  polypody, 
rape-feed,  melons,,  artichoke-bottoms,  chefnuts,  apricots,  red  currants,  elder- 
berries, and  grape  ftones.  The  third  clafs  gives  the  volatile  fait  not  only  at  the 
end  but  likewife  at  the  beginning  of  the  diftillation,  when  the  acid  alfo  fometimes 
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. r>  expelled,  and  continues  to  diftil  till  near  the  end,  and  then  the  volatile  fait  again 
appears.  Of  this  clafs  are  common  white  fuccory,  carduus  benediCtus,  red  beets, 
fpinach,  cherries,  onions,  fage,  parfley,  and  many  others.  The  fourth  claf3 
gives  much  more  volatile  fait  than  the  third,  and  this  is  diftributed  more  uni- 
formly and  plentifully  in  all  the  different  periods'  of  the  diftillation.  The  acid 
alfo  appears  more  or  lefs  in  every  period,  but  at  laft  is  quite  overpowered  and 
concealed  by  the  quantity  of  volatile  fait.  Of  this  clafs  are  the  leaves  and  ftalks 
of  the  atriplex  hortenfis,  lamium  album,  parietaria,  artichoke  leaves,  feeds  of 
the  wild  gourd,  wheat,  barley,  oats,  and  many  others. 

There  are  even  fom'e  plants  which  give  no  traces  of  acidity  in  diftillation ; yet, 
asLemery  remarks,  we  muff  not  thence  infer  that  they  contain  none.  For  thefe 
plants  yield  a great  deal  of  a volatile  fait  in  which  the  acid  is  combined  and  hid. 
The  fame  plants,  previoufiy  fermented,  yield  acid  in  diftillation. 

The  age  of  plants,  and  the  difference  of  the  parts  of  the  fame  plant,  affeCt 
the  quantity  of  acid  obtainable  by  diftillation.  Thus,  in  analyfing  lettuce,  he  re- 
• marked,  that  younger  plants  give  lefs  acid  than  old  ones,  that  the  leaves  give 
lefs  acid  than  the  ftalks  or  roots,  and  that  the  juice  yields  lefs  than  the  fibrous 
parts  remaining  after  this  juice  had  been  expreffed. 

Every  obfervation  yet  made  on  the  acids  obtained  from  organized  fubftances 
by  diftillation,  tends  to  (hew  that  they  are  different  from  acids  obtained  by  other 
means  from  the  fame  fubftances.  Little  has  been  done  to  afcertain  the  differences 
between  thefe  acids,  but  it  is  not  probable  on  the  whole  that  they  poffefs  any  im- 
mediate identical  principle  or  balls.  The  alteration  effected  by  the  heat,  exclu- 
five  of  the  empyreuma  arifing  from  burned  oil,  appears  to  be  of  the  fame  nature 
as  that  effeCled  by  the  nitrous  acid,  namely,  a more  perfeCt  acidification.  Keir, 
from  whofe  dictionary  I have  extracted  much  of  the  prefent  article,  thinks  that 
the  aCtion  of  fire  decompofes  the  native  acids,  and  approximates,  or  perfectly 
converts  them  to  vinegar ; in  which  refpeCt  fire  and  the  nitrous  acid  are  fimilar  in 
their  operation  upon  vegetable  acids,  all  which  by  the  continued  abftraCtion  of 
the  nitrous  acid  are  changed  into  the  acetous  acid.  An  experiment  of  Mr.  Weft- 
rumb*,  who  well  underftands  this  new  branch  of  chemiftry,  relative  to  the  ex- 
amination of  vegetable  acids,  proves  in  one  inftance  this  converfion  of  a native 
acid  into  the  acetous,  and  givfes  probability  to  its  generality.  He  analyfed  a 
plant  of  the  diadelphi  clafs  ufed  for  pafture,  and  from  two  pounds  of  the  frelh 
herb,  he  procured  twenty  ounces  of  an  empyreumatic  acid  liquor,  which  he  af- 
terwards rectified,  and  divided  into  two  equal  portions.  On  beginning  to  fatu- 
rate  one  of  thefe  portions  with  alkali,  he  obferved  that  a white  precipitate  fell, 
which  was  a true  tartar.  He  then  completed  the  faturation,  and  evaporated,  by 
which  he  obtained  5F  drams  of  a deliquefcent  fait,  which  being  mixed  with  vi- 
triolic acid  and  manganefe  and  diftilled,  yielded  three  drams  of  pure  vinegar. 
This  experiment  fhtwed  that  the  native  acid  of  the  plant  is  the  acid  of  tartar, 
a fmall  part  of  which  had  been  raifed  by  the  force  of  the  heat  unaltered, 
while  the  greater  part  of  the  acid  is  decornpofed  by  the  fire,  , and  changed  into 
vinegar. 

The  fame  author  is  difpofed  to  confider  the  acids  produced  from  the  animal 
and  vegetable  kingdoms,  as  not  effentially  diftinCt.  He  remarks  that  the  acids 
of  ants,  of  milk,  and  of  fugar  of  milk,  as  well  as  the  acid  of  amber,  which  is 
direCby  of  mineral,  though  probably  originally  of  vegetable  origin,  yield  the 
fame  principles  as  vegetable  acids  when  analyfed,  and  therefore  may  all  be  com- 

* Weftrumb.  Abhandlungen,  band  2.  heft.  1.  f.  350, 
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prehended  under  one  general  clafs  of  acids  of  organic  bodies,  [n  this  clafs  he 
remark's,-  vve  ought  certainly  not  to  omit  the  permanently  elaftic  fluid  acid,  called 
calcareous  gas,  or  fixed  air,  being  that  to  which  all  the' other  acids  of  this  clafs 
are  principally  refolved  by  analyfis.  Laftly  the  nitrous  acid,  generally  ranked 
among  the  mineral  acids,  being  adtually  produced  from  putrefied  animal  and 
vegetable  fubftances,  and  die  phofphoric  acid,  are  entitled  by  their  origin,  though 
not  by  their  analyfis,  to  the  fame  clafs  of  acids  of  organic  bodies. 


The  following  acids  then  compofe 

Acid,  acetous. 

Acid  of  amber. 

Acids  of  ants,  filk-worms,  and  other 
infefts. 

Acid  of  apples. 

Acid  of  benzoin. 

Acid  gas,  called  calcareous  gas,  or 
fixed  air. 

Acid  of  camphor. 

Acid  of  citrons. 

Acid  of  corks. 


this  general  clafs  of  organic  acids  : 

Acids  diftilled  from  honey,  from  plants, 
from  tartar,  from  fugar,  and  from 
woods. 

Acid  of  fat. 

Acid  of  galls. 

Acid  of  milk. 

Acid,  nitrous. 

Acid,  phofphoric. 

Acid,  tartareous. 

Acid,  faccharine  or  oxaline. 

Acid  of  fugar  of  milk. 


The  German  chemifis  have  paid  particular  attention  to  the  converfionofthe  acids 
of  organic  bodies  into  each  other  by  fuch  management  as  the  prefent  ftate  of  che- 
miftry  admits.  Mr.  Keir  has  collefted  in  an  alphabetic  order,  the  principal  fadts 
relating  to  thofe  vegetable  fubftances  which  have  been  examined  with  a view  of 
inveftigating  their  acids.  At  the  fame  time  that  I copy  in  this  place  his  ex- 
cellent abridgment,  the  reader  is  informed  that  he  will  obtain  much  valuable 
information  by  recurring  to  the  original. 

Agave  Americana,  Linn.  Mr.  Hoffman  of  Weimar  has  examined  a juice 
which  fweats  from  the  calix  of  this  plant,  in  order  to  know  whether  it  was  fimilar 
in  its  contents  to  the  juices  of  our  indigenous  plants,  and  he  found  that  it  con- 
tained the  acids  of  tartar  and  of  apples  *. 

Aloes.  Scheele  obtained  from  an  extract  of  aloes,  by  means  of  the  nitrous  acid, 
the  acids  of  fugar  and  of  apples. 

Apples.  Scheele  difcovered  in  the  juice  of  this  fruit  a new  acid,  to  which  he 
gave  the  name  of  acid  of  apples.  See  that  article.  By  means  of  nitrous  acid, 
Hermbftadt  obtained  from  this  juice  acid  of  tartar  ■f. 

Berberry.  The  juice  of  this  fruit  contains  acid  of  apples,  not  mixed  with  any 
acid  of  citrons,  according  to  Scheele.  Hermbftadt  fays  that  it  contains  acid  of 
tartar,  and  a peculiar  acid,  by  which  he  means  Scheele’s  acid  of  apples ; and  that 
when  treated  with  nitrous  acid,  it  yielded  acid  of  fugar.  But  Hoffman’s  experi- 
ments confirm  Scheele’s  conclufion,  that  this  fruit  contains  no  other  native  acid 
than  that  of  apples.  By  treating  this  acid  with  fpirit  of  wine  and  manganefe,  he 
obtained  an  ether. 

Bilberry  (Vaccinium  myrtillus).  This  fruit  contains,  according  to  Scheele, 
equal  parts  of  acids  of  citrons  and  of  apples. 

Bramble  (Rubus  chamsemorus).  The  fruit  contains  acids  of  citrons  and  of 
apples,  in  nearly  equal  quantities,  according  to  Scheele. 


* Crcll,  Annal.  1788,  ft.  I,  p.  51.  * 

f Hermbftadt  iiber  die  Natur  der  Grundfaure  des  Pfianzenreichs,  § 22, 
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Camphor.  By  treating  this  fubftance  with  nitrous  acid,  Mr.  Kofegarten  * has 
effe&ed  a decompofition,  and  obtained  a peculiar  acid  fubftance.-  He  diftilled  a 
mixture  of  one  part  of  camphor  and  twelve  parts  of  dephlogifticated  nitrous  acid. 
Along  with  the  red  nitrous  vapours  an  oil  paffed  into  the  receiver,  and  much  of  the 
camphor  was  fublimed.  By  repeating  the  operation  eight  times,  the  camphor 
was  at  laft  quite  decompofed,  and  filver  white  cryftals  of  the  form  of  parallelopi- 
pedons  were  produced.  Thefe  cryftals  were  foluble  in  two  hundred  times  their 
quantity  of  water,  but  unfoluble  in  fpirit  of  wine  ; they  exhaled  a fmell  fimilar 
to  that  of  faffron ; im prefled  on  the  tongue  a four  bitter  tafte  ; reddened  blue 
vegetable  juices  ; neutralized  alkalis,  and  therewith  formed  very  foluble  falts  ; 
diflolved  magnefia,  iron,  copper,  zinc,  bifmuth,  arfenic,  cobalt,  manganefe,  and 
corroded  tin  and  lead.  They  formed  no  precipitate  when  added  to  folutions  of 
martial  vitriol,  or  of  calcareous  earth  in  marine  acid  ; but  they  precipitated  a 
yellow  fait  from  a folution  of  mercury  in  nitrous  acid.  From  thefe  properties  it 
is  evident  that  this  fait  was  not  the  faccharine  acid. 

Cherry.  Scheele  found  that  the  juice  of  cherries  contained  about  equal  parts 
of  acids  of  citrons  and  of  apples.  Hermbftadt  fays  that  he  difcovered  acid  of 
tartar  in  this  juice  ~j~  : but  \Veftrumb,  having  repeated  this  examination,  did  not 
find  any  acid  of  tartar,  but  only  acid  of  citrons ; a part  of  which  was  difengaged, 
another  part  was  combined  with  calcareous  earth,  and  another  with  fixed  alkali 
In  Crell’s  Annal.  for  1786,  he  lays  he  found  alfo  acid  of  apples ; but  in  hisTrea- 
tife,  publilhed  in  1787,  he  makes  no  mention  of  this  acid.  By  means  of  nitrous 
acid,  both  Hermbftadt  and  VVeftrumb  obtained  acid  of  fugar. 

Citrons.  Scheele  has  difcovered  in  the  juice  of  lemons,  as  well  as  in  many 
other  vegetable  matters,  an  acid  poflefled  of  peculiar  properties,  called  by  him 
acid  of  citrons.  See  that  article. 

Coffee.  The  infufion  of  roafted  coffee,  evaporated  to  the  confiftenceof  a fyrup, 
and  treated  with  nitrous  acid,  gave  the  two  acids  of  fugar  and  of  apples  ||. 

Coloquintida.  Scheele  did  not  obtain  any  faccharine  acid  by  treating  this 
matter  with  nitrous  acid. 

Corks.  Mr.  Brugnatelli  § has  obtained  a yellow  acid  by  treating  cork  with 
repeated  abftractions  of  nitrous  acid.  This  acid  of  corks  unites  with  all  alkalis 
and  earths,  forms  with  them  neutralized  falts,  of  which  fome  are  cryftallizable, 
but  are  neverthelefs  apt  in  fome  degree  to  deliquiate.  With  fixed  vegetable 
alkali  it  combines  into  a dark  yellow  mafs,  which  cryftallizes  in  the  cold  in  the 
form  of  fmall  needle- like  prifms,  foluble  in  water,  vitriolic,  nitrous,  or  marine 
acids,  but  unfoluble  in  vinegftr  or  fpirit  of  wine.  This  acid  of  corks  has,  like  the 
faccharine  acid,  a ftrong  affinity  to  calcareous  earth,  which  it  feparates  from  lime 
water,  and  forms  a grayifh  faline  powder,  unfoluble  not  only  in  water,  but  alfo  in 
the  acid  of  corks,  although  it  diffolves  in  marine  acid.  Laftly,  this  acid  of  corks 
adls  upon  feveral  metals,  and  exhibits  different  appearances,  which  according  to 
Mr.  Brugnatelli  deferve  a more  particular  examination. 

Cranberry  (Vaccinium  oxycoccos).  This  fruit,  according  to  Scheele,  contains 
acid  of  citrons  alone. 

Currants,  red  and  white.  Their  juice  gave  the  acid  of  citrons  and  of  apples 

* De  Camphora,  Au&ore  D.  A.  J.  F.  Kofegarten,  Goetting.  1785. 

-j-  Hermbftadt,].  c.  $ 15.  * 

+ Weftrumb,  Verfuche  mit  Pflanzenfaure,  $ 10%  Abhandlung,  band  ii.  heft  1. 
j|  Scheele,  loc.  cit. 
i Crell,  Annal.  1787,  ft.  2.  f.  145, 
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upon  examination  by  Weftrumb  *.  Hermbftadt  fays  that  they  contain  acid  of 
tartar,  but  Weftrumb’s  experiments  feem  to  be  fufficiently  decisive  to  the  contrary. 

Elder-berries.  The  fruit  of  the  black  elder  was  found  by  Scheele  to  contain 
fcarcely  any  acid  but  that  of  apples. 

Galls.  A peculiar  acid  has  been  obtained  from  galls  by  Scheele.  See  Acid  of 
Galls. 

It  is  probable  that  from  other  aftringent  vegetable  matters,  efpecially  thofe  ufed 
in  dyeing,  acids  might  be  obtained  fimilar  to  the  acid  of  galls.  Mr.  Morveau  has 
extraded  a refin  from  galls,  which  he  fuppofes  is  the  acidifiable  balls,  which,  to* 
gether  with  pure  air,  forms  the  acid  of  galls.  This  acid,  when  purified,  is  laid  to 
make /a  fine  and  durable  ink.  See  Ink. 

Geranium  acidum.  Cartheufer  f has  procured  fmall  acid- cryftals  from  the 
juice  of  this  plant.  According  to  Hermbftadt,  this  acid  is  the  faccharine ; for  he 
fays  that  the  acid  is  different  from  the  common  acid  of  tartar,  as  the  compound 
which  it  forms  with  calcareous  earth,  and  which  is  very  unfoluble,  cannot  be  de- 
compofed  by  vitriolic  acid  ; and  further,  that  the  cryftals  of  this  acid  are  fimilar 
to  the  acid  of  forrel.  For  by  adding  to  a folution  of  thefe  cryftals  a folution  of 
ponderous  earth  in  vinegar,  he  obtained  a precipitate,  which,  being  digefted  with 
vitriolic  acid,  gave  the  faccharine  acid,  and  vitriolated  ponderous  earth.  ‘ 

Goofeberry.  Scheele  found  in  this  fruit  the  acid  of  apples  alone.  Hermbftadt 
indeed  fays  that  the  acid  of  tartar  is  contained  in  the  juice  of  goofeberries ; but  at 
the  fame  time  he  admits,  that  it  cannot  be  exhibited  by  the  ufual  procefs  of  fatu- 
rating  with  chalk,  and  fubfequent  feparation  by  vitriolic  acid  ; but  that  in  order  to 
procure  acid  of  tartar  from  this  juice,  it  is  neceffary  previoufly  to  treat  it  with 
nitrous  acid.  But  this  latter  acid  is  known  to  decompofe  vegetable  juices,  and 
to  alter  the  modification  of  vegetable  acids,  fo  that  not  only  the  acid  of  tartar  may 
be  obtained  by  the  adion  of  nitrous  acid  from  the  juice  of  goofeberries,  but,  by 
the  further  operation  of  the  nitrous  acid,  the  acid  of  goofeberries  may  be 
changed  into  the  acid  of  fugar,  as  Hermbftadt  found.  It  does  not  then  feem 
probable  that  the  acid  of  tartar  exifts  as  fuch  in  the  unaltered  juic'eof  this  fruit. 

Grapes.  The  juice  of  grapes,  with  or  without  the  alfiftance  of  fermentation, 
has  been  found  to  clepofit  tartar,  and  confequently  to  contain  the  acid  of  tartar 
united  with  fixed  alkali. 

Grafs-roots.  Hermbftadt  | exprelfed  the  juice  of  the  roots  of  grafs  (triticum 
repens),  and  obtained  by  evaporation  and  clarification  a fweetilh  extrad,  which 
being  kept  three  months  yielded  faline  cryftals,  foluble  in  water, -and  capable  of 
giving  an  earthy  precipitate  when  decompofed  by  an  alkali.  Upon  abftrading 
nitrous  acid  from  this  fait,  and  adding  to  it  a folution  of  calcareous  earth  in  vi- 
negar, a precipitate  fell,  which  was  found  on  examination  to  conlift  of  the  acid 
of  tartar  laturated  with  lime.  Hermbftadt  feems  to  confider  this  experiment,  as 
fhewing  the  exiftence  of  acid  of  tartar  in  grafs-roots : but  it  feems  rather  to  prove 
that  this  acid  does  not  exift  as  fuch  there,  until  the  adion  of  the  nitrous  acid 
had  developed  it ; for  it  is  evident  that  the  native  cryftals  formed  in  the  Con- 
centrated and  clarified  juice  were  not  a tartareous  (alt  of  lime,  being  eafily  foluble 
in  water. 

Gums.  Gurrrarabic,  treated  by  Scheele  with  nitrous  acid,  yielded  acidi  of 
fugar  and  of  apples. 

* Loc.  cit.  § 6. 

+ Cartheufer,  Samml.  ft.  6.  f.  423. 

X Loc.  cit.  5 23. , 
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Gum  tragacanth,  during  its  folution  in  nitrous  acid,  let  fall  a white  powder, 
which  on  examination  was  found  to  be  the  acid  of  the  fugar  of  milk.  The  fo- 
lution alfo  yielded  the  acids  of  apples  and  of  fugar*. 

Haw  (Crat<egas  aria).  This  fruit  was  found  by  Scheele  to  contain  nearly 
equal  parts  of  acid  of  apples  and  citrons. 

Honey,  like  fugar,  yields  by  diftillation  an  acid  liquor,  and,  by  treatment 
with  nitrous  acid,  the  acid  of  fugar. 

The  diftilled  acid  of  honey  has  been  faid  ,to  be  capable  of  diffolving  gold  : 
but  this  folution  has  not  occurred  to  modern  chemifts.  Perhaps  it  may  diffolve 
the  precipitate  of  gold.  Neither  is  it  known  to  have  any  effedt  on  filver,  pla- 
tina,  or  mercury.  It  diffolves  lead,  and  forms  cryftals  with  it.  It  attacks  cop- 
per, which  renders  it  green.  It  difi'olves  tin  and  iron,  with  which  latter  metal 
it  ciyftallizes.  Mr.  de  Morveau  has  determined  its  affinities  in  the  following  or- 
der : Fixed  vegetable  alkali,  fixed  mineral  alkali,. ponderous  earth,  lime,  mag- 
nefia,  volatile  alkali,  earth  of  alum,  metallic  calces,  water,  alcohol. 

Lemons.  See  Citrons. 

Leontodon  taraxacum.  The  exprefled  juice  of  the  roots  of  this  plant,  treated 
with  nitrous  acid,  gave  indications  of  the  prefence  of  the  acid  of  tartar. 

Manna,  by  treatment  with  nitrous  acid,  yielded  acid  of  apples,  and  of 
fugar  f. 

Mulberries.  The  juice  of  this  plant  contains,  according  to  Hermbftadt,  the 
acid  of  tartar  in  a native  ftate.  For,  having  clarified  this  juice  and  faturated  it 
with  chalk,  he  obtained  a precipitate,  which  by  adding  vitriolic  acid  gave  the 
acid  of  tar  difengaged.  Angelus  Sala  obtained  from  this  juice,  by  evaporation 
and  cryftallization,  a cryftallizable  acid  fait,  which  probably  may  have  been  a 
tartar  j. 

Oil  of  olives.  By  repeatedly  and  copioufly  abftra&ing  nitrous  acid  from  this 
oil,  Weftrumb  obtained  a fait  which  fublimed  and  cryftallized. 

Peruvian  bark.  An  extraft  of  this  bark,  treated  with  nitrous  acid,  yielded 
both  the  acids  of  apples  and  of  fugar. 

Prunus  fpinofa,  et  domeftica.  The  fruit  of  thefe  trees  gave  acid  of  apples, 
and  little  or  no  acid  of  citrons. 

Prunus  “padus.  This  fruit  gave  acid  of  citrons,  and  little,  if  any,  acid  of 
apples 

Poppy.  The  juice  of  poppies  treated  with  nitrous  acid  gave  acids  of  fugar 
and  of  apples. 

Rafpberries.  The  juice  of  this  fruit  gave  the  acids  of  citrons  and  of  apples 
nearly  in  equal  quantities,  according  to  Scheele.  But  Hermbftadt  fays,  that  by 
faturating  this  juice  with  chalk,  and  then  feparating  the  earthy  bafis  from’ the 
compound  by  means  of  vitriolic  acid,  he  obtained  acid  of  tartar. 

Rhapontic.  From  the  exprefled  acid  juice  of  the  root  of  the  rheum  rha- 
ponticum,  Mr.  Bindheim  has  extrafted  the  acid  of  tartar,  which  in  this  juice 
ieems  partly  in  a difengaged  ftate  and  partly  combined  with  calcareous  earth 
and  with  calx  of  iron.  By  treating  this  juice  with  nitrous  acid,  he  obtained  the 
acid  of  fugar. 

Rhubarb.  The  infufion  of  this  root  being  treated  with  the  nitrous  acid, 
gave  the  acids  of  fugar  and  of  apples.  In  this  root,  the  acid  of  fugar  exills  in 

* Schee’e,  f Scheele.  J Opcr.  Angel.  Sals,  p.  135. 

H Crcft,Chem.  Ann.  1784,  b.  i.  f.  229.  § Hermbftadt,  ib.  § 21. 
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a native  ftate,  and  the  addition  of  nitrous  acid  is  not  eflential  to  its  produiftion. 
For  Scheele  has  (hewn,  that  if  a pound  of  Indian  rhubarb  be  infufed  in  hot  wa- 
ter, a powder  fubfides,  which  by  wafhing  becomes  white,  in  weight  about 
14 oz.  that  this  powder  is  actually  a faline  compound,  confiding  of  calcareous 
earth  faturated  with  the  oxaline  acid,  and  is  not  a vitriolic  felenite,  as  Model 
had  affirmed. 

Rhibes  cynofbati.  The  fruit,  according  to  Scheele,  contains  the  acid  of  ci- 
trons, with  little  or  no  acid  of  apples. 

Salep.  The  root  of  falep  treated  with  nitrous  acid  by  Scheele,  yielded  the 
acids  of  fugar  and  of  apples. 

Service  (Sorbus  aucuparia).  The  fruit  of  this  tree  was  found  by  Scheele  to 
contain  acid  of  apples  with  little  or  no  acid  of  citrons. 

Solanum  dulcamara.  The  fruit  of  this  plant  was  found  by  Scheele  to  contain^ 
acid  of  citrons. 

Sorrel  (Rumex  acetofa).  The  exprefled  juice  of  the  leaves  of  forrel,  by 
evaporation  yielded  cryftals  of  tartar ; and  by  faturating  this  juice  with  chalk, 
and  feparating  the  earth  by  means  of  vitriolic  acid,  an  acid  of  tartar  was  ob- 
tained in  a cryftallized  form.  But  although  Hermbftadt  difcovered  no  other 
acid  in  the  juice  of  this  plant  than  that  of  tartar,  it  is  neverthelefs  frequently 
ufed,  as  well  as  the  oxalis  acetofella,  for  preparing  the  fait  fold  under  the  name 
of  native  fait  of  wood-forrel,  the  proper  acid  of  which  is  the  oxaline  or  fac- 
charine. 

Wood-forrel  (Oxalis  acetofella).  The  acid  contained  in  this  plant  is  defcribed 
under  the  article  Acid  of  Sorrel. 

Strawberry.  The  juice  of  ftrawberries  was  found  by  Scheele  to  contain  equal 
parts- of  the  acids  of  apples  and  citrons. 

Sugar.  See  Acid  of  Sugar. 

Sugar  of  Milk.  See  Acid  of  Sugar  of  Milk. 

Sumach  (Rhus  coriaria).  Profeffor  Tromfdorf  * extrafted  from  the  berries  of 
fumach  a cryftallizable  acid  fait,  and  determined  fome  of  its  properties.  His- 
fon  has  fully  examined  this  fait,  and  has  afcertained  it  to  be  a true  tartarf- . 

Tamarinds.  Angelas  Sala  £ and  Baume  ||  have  each  of  them,  by  lixiviating 
the  fruit  of  tamarinds,  evaporation  and  cryitallization,  obtained  an  acid  fait. 
This  acid  has  been  further  examined  by  Scheele,  Retzius,  Hermbftadt,  Kem- 
ler  and  Weftrumb.  Scheele  thought  he  perceived  the  prefence  of  his  citron 
acid  in  this  fruit ; but  the  four  latter  authors  affirm,  that  the  acid  is  that  of  tar- 
tar. Weftrumb  particularly,  who  has  written  laft  on  the  fubjeft,  has  given  a 
very  copious  examination  of  this  fruit,  and  feems  to  have  afcertained,  that  it 
contains  the  acid  of  tartar,  alfo  tartar  itfelf,  together  with  a mucilaginous  and 
a faccharine  matter  §. 

Vaccinium  vitis  idtea.  The  fruit  of  this  plant  contains  the  citron  acid,  ac- 
cording to  Scheele. 

Wood.  It  is  well  known  that  an  acid  liquor  is  obtained  by  diftilling  wood. 
Boei  haave  has.obtained  acids  from  thofe  of  box,  guyac,  juniper,  and  oak. 

Mr.  Goettling  has  examined  the  acid  diftilled  from  the  bark  of  the  birch. 
By  letting  it  remain  at  reft  during  three  months,  he  was  able  to  feparate  much  of 

* Aft.  Acad.  Eleft.  Mogunt.  Erfurt,  1780.  f Crell,  Annal.  1787.  ft.  5.  f.  419. 

% Oper.  p.  134.  ||  lilcm.  de  Pharmacie,  Paris  1762. 

§ Einige  Verfuche  mit  Pflanzenfauren,  abb.  ii,  1.  229.  f Crell’s  Journal  Chem.  1779. 
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the  oil  that  was  mixed  with  it ; and  by  faturating  it  with  fixed  alkali,  he  ob- 
tained a dark-coloured,  neutral  fait,  which  he  purified  by  fufion,  and  by  folution, 
and  a fubfequent  evaporation.  Upon  diftilling  this  purified  neutral  fait  with  vi- 
triolic acid,  he  obtained  an  acid  no  longer  empyreumatic,  but  poflefled  of  an 
alliaceous  frnell.  The  academicians  of  Dijon  have  obferved  the  refults  in  dif- 
tilling beech-wood.  From  55  ounces  of  dry  (havings  they  got  17  ounces  of  a 
rectified  acid,  which,  when  freed  from  oil  of  an  amber  colour,  was  of  the  fpe- 
cific  gravity,  comparatively  with  that  of  water,  as'  49  to  48,  and  of  fuch  a 
ftrength,  that  one  ounce  of  this  acid  required  for  its  faturation  234  ounces  of 
lime-water. 

According  to  thefe  chemifts,  the  affinities  of  the  acids  of  wood  are  in  the  fol- 
lowing order : Lime,  ponderous  earth,,  vegetable  fixed  alkali,  mineral  fixed  al- 
kali, magnefia,  volatile  alkali,  calces  of  zinc,  manganefe,  iron,  lead,  tin,  cobalr, 
copper,  nickel,  arfenic,  bifmuth,  mercury,  antimony,  Silver,  gold,  platina,  and 
earth  of  alum. 

By  digefting  beech-wood  in  nitrous  acid,  and  by  diftilling  the  mixture, 
Hermbftadt  obtained  a refiduum  which  was  found  to  contain  acid  of  tartar. 
Goettling  obtained  acid  of  fugar  by  treating  wood  with  nitrous  acid. 

Much  light  has  been  thrown  on  the  conftitution  of  the  vegetable  acids  by  the 
converfions  effected  in  Scheele’s  method  of  applying  the  nitrous  acid.  This  Sub- 
ject has  been  very  fuccefsfully  cultivated  by  Hermbftadt  and  Weftrumb,  feveral 
of  whofe  difcoveries  are  contemporary,  though  unknown  to  each  other.  For 
the  following  extenfive  and  perfpicuous  enumeration  of  fads,  I am  indebted  to 
the  didionary  of  Keir. 

1.  The  acid  juice  of  lemons  faturated  with  the  abforbent  earth , called  crabs- 
eyes,  and  preferved  in  a bottle  flightly  flopped,  with  the  addition  of  a little  . 
fpirit  of  wine,  gradually  acquires  the  properties  of  vinegar,  as  Stahl  has 
obferved. 

2.  The  acids  of  tartar  and  of  milk  digefted,  with  the  addition  of  water  and 
fome  fpirit  of  wine,  during  fome  weeks,  were  each  of  them  converted  into 
vinegar*.  Crell  remarks,  that  fixed  and  phlogifticated  airs  were  at  the  fame 
time  extricated. 

Hermbftadt  fucceeded  in  the  conversion  of  the  acid  of  tartar  into  the  acetous 
without  the  addition  of  fpirit  of  wine.  Ffe  diffolved  four  ounces  of  acid  of  tartar 
in  Sixteen  ounces  of  water,  and  kept  this  folution  in  a veffel  covered  with  paper  in 
a warm  place,  during  a Summer.  In  three  months  the  tafte  of  this  folution  was 
changed,  and  the  air  in  the  upper  part  of  the  veffel  was  found  to  be  fixed.  In 
fix  months  the  liquor  had  the  tafte  of  vinegar,  and  by  diftillation  yielded  good 
vinegar.  In  the  refiduum  a fait  was  obferved,  which  was  not  acid  of  tartar,  nor 
altogether  faccharine  acid  ; although  he  remarks  that  in  another  inftance,  where 
the  acid  of  tartar  is  united  with  a fixed  alkali,  and  expofed  to  fermentation,  the 
faccharine  acid  is  obtained.  For  a fait  confifting  of  the  faccharine  acid  and 
fixed  alkali  is  found  in  calks  containing  French- wine- vinegar,  and  is  fold  as 
fait  of  wood-forrel,  to  which  it  is  equivalent  in  its  component  parts,  and  in  the 
proportion  of  thefe  parts. 

3.  Eight  parts  of  fpirit  of  wine,  eight  parts  of  water,  and  one  part  of  acid 
of  tartar,  mixed  and  digefted  during  three  months,  with  a very  gentle  heat,  gave 
vinegar  -f-. 

* Bergman,  Opufc.  iii.  364.  f Weftrumb  iiber  dle.Natur  der  Zuckerfaure,  &c.  f.  5. 
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4.  Another  experiment  fimilar  to  the  laft  mentioned,  except  that  the  fac- 
eharine  acid  was  ufed  inftead  of  the  tartareous,  fucceeded  alfo  in  the  produftion 
of  vinegar  *. 

5.  The  acid  of  tartar  diftilled,  with  vitriolic  acid,  gave  an  acid  like  the  acetous- 
But  vinegar  was  more  perfectly  produced,  when  to  the  mixture  of  tartareous  and 
concentrated  vitriolic  acids  fome  manganefe  was  added  fucceflively,  until  this 
addition  no  longer  altered,  the  colour  of  the  liquor;  which  circumftance  indicated 
the  dephlogiftication  of  the  acid  of  tartar,  and  the  production  of  vinegar.  During 
this  operation  much  fixed  air  was  produced  -p. 

6.  Three  parts  of  faccharine  acid,  two  parts  of  manganefe,  and  twelve  parts 
of  nitrous  acid,  gave  by  diftillation  vinegar,  and  fome  gas  or  air  j. 

7.  By  abftrafting  nitrous  acid  from  iaccharine  acid,  a part  of  the  latter  acid 
was  converted  in*o  yinegar  ; and  this  is  thereafon,  as  Hermbftadt  remarks,  why, 
in  the  operation  for  preparing  acid  of  fugar,  fometimes  only  a fmall  quantity 
is  produced  of  the  faccharine  acid,  the  remainder  being  changed  into  the 
acetous  j|." 

8.  A mixture  of  two  parts  faccharine  acid,  four  parts  manganefe,  and  three 
parts  vitriolic  acid,  being  diftilled,  yielded  vinegar 

9.  Upon  diftilling  the  acid  of  fugar,  with  fix  times  its  quantity  of  vitriolic 
acid,  vinegar,  phlogifticated  vitriolic  acid,  and  fixed  air,  were  found  in  the  re- 
ceiver, and  pure  vitriolic  acid  in  the  retort  5f. 

10.  Acid  of  tartar  is  converted  into  acid  of  fugar,  by  treatment  with 
nitrous  acid,  and  by  further  dephlogiftication  into  vinegar. 

11.  One  part  of  the  acid  of  tartar,  1 4 part  of  manganefe,  and  fix  parts  of 
nitrous  acid,  gave  by  diftillation  vinegar  and  nitrous  gas. 

12.  By  diftilling  a mixture  of  two  parts  of  acid  of  tartar,  four  parts  of  man- 
ganefe, and  three  parts  of  concentrated  vitriolic  acid,  vinegar  was  produced,  and 
much  fixed  air  was  expelled. 

13.  By  applying  dephlogifticated  marine  acid  to  the  acids  of  tartar  or  fugar,  in 
the  fame  manner  as  Weftrumb  had  applied  the  nitrous  acid,  Hermbftadt  ob- 
tained vingar. 

14.  The  acid  of  citrons  was  converted  into  the  faccharine  by  Weftrumb,  in 
die  ufual  manner  of  abftradting  nitrous  acid  **.  Scheele  had  tried  this  without 
fuccefs,  and  gave,  among  the  peculiar  properties  of  this  acid,  that  of  not  being 
convertible  into  the  faccharine  acid.  Weftrumb  thinks  that  Scheele  had  ufed  too 
much  nitrous  acid,  and  had  thereby  changed  the  acid  of  citrons  into  vinegar. 

15.  Scheele  converted  the  acid  of  apples  into  the  faccharine  acid,  by  means  of 
nitrous  acid. 

16.  Hermbftadt  and  Weftrumb  have  changed  into  the  acids  of  tartar,  fugar, 
or  vinegar,  the  native  acids  of  tamarinds,  and  niany  other  fruits,  &c.  by  means 
of  nitrous  acid. 

17.  Sugar,  when  treated  with  weak  nitrous  acid,  gave  acid  of  tartar,  and 
with  ftronger  nitrous  acid,  yielded  acid  of  fugar. 

18.  Bergman  treated  fpirit  of  wine  repeatedly  with  nitrous  acid,  and  obferved 

indications  of  faccharine  acid.  Weftrumb  by  the  fame  means  obtained  perfectly 

cryftallized  acid  of  fugar  ; and  when  the  dephlogiftication  was  continued  further, 
the  acetous  acid  was  produced. 

* Weftrumb  iiber  die  Natur  der  Zuckerfaure,  See.  f Ibid.  J Weftrumb.  Ibid.  |j  Hermbftadt, 
Grundfaure  des  Pflanzenreichs,  &c.  f.  37,  38,  3.9.  § Hermb.  ibid.  f.  41.  ^ Weftrumb.  loc.  cit. 

**  Crell,  Annal.  1786,  b.  ii.  f.  *42. 
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19.  Spirit  of  wine  diftilled  with  vitriolic  acid  and  manganefe  yields,  according 
to  Hermbftadt,  vinegar. 

20.  By  faturating  the  refiduum  in  the  preparation  of  dulcified  fpirit  of  nitre, 
with  chalk,  an  unfoluble  fair  was  formed,  which  being  digefted  with  vitriolic  acid 
yielded  a difengaged  acid  of  tartar. 

21.  Scheele  difcovered  fome  acid  of  apples  in  the  procefs  of  preparing  the 
faccharine  acid  from  fugar,  by  means  of  nitrous  acid. 

22.  Hermbftadt  has  procured  vinegar  from  fpirit  of  wine,  without  the  affift- 
ance  of  acids,  by  means  of  cauftic  fixed  alkali.  He  digefted  fix  ounces  of  cauftic 
fixed  alkali  in  two  pounds  of  ftrong  fpirit  of  wine,  during  two  days,  in  a gen- 
tle heat,  by  which  the  fpirit  of  wine  acquired  a dark  brown  colour.  By  diftilla- 
tion  he  obtained  1'  pound  9 ounces  of  fpirit,  and  he  repeated  the  abftradtion  fe- 
veral  times,  till  the  fpirit  was  confirmed.  The  retort  contained  now  a dark 
brown  fluid,  which  was  very  cauftic  in  tafte,  andTmelt  of  foap.  Having 
diluted  this  liquor  with  water,  filtrated  the  mixture  through  powdered  glafs,  and 
evaporated  it  to  drynefs,  he  re-difiolved  it  in  water,  added  more  vitriolic  acid 
than  was  merely  fufficient  for  the  faturation  of  the  alkali,  and  diftilled  the  mix- 
ture to  drynefs.  The  diftilled  liquor  was  of  a peculiar  fmell  and  tafte,  was  free 
from  vitriolic  acid,  and  had  a great  refemblance  to  the  acetous  acid,  but  was  not 
completely  vinegar.  He  faturated  this  acid  liquor  with  fixed  alkali,  evaporated 
the  fait  to  drynefs,  and  digefted  it  with  fpirit  of  wine,  in  order  to  feparate  the 
acetous  falts  from  any  other,  the  former  being  foluble  in  fpirit  of  wine.  Accord- 
ingly he  obtained  an  infoluble  refiduum,  which  being  put  on  hot  coals,  ftnelt 
like  burnt  tartar ; and  by  abftracling  the  fpirit  of  wine,  he  got  4 ounces  of  a 
neutral  fait,  which  had  been  diflolved  in  the  fpirit,  and  which  was  found  to  be 
compofed  of  acetous  acid  and  fixed  alkali  •,  for  upon  adding  to  it  vitriolic  acid, 
and  diftilling  the  mixture,  he  obtained  a true  vinegar. 

Although  fo  many  inftances  have  been  given  of  the  converfion  of  the  acid  of 
fugar,  and  all  other  vegetable  acids,  into  the  acetous ; and  of  the  acid  of  tartar, 
and  all  but  the  acetous,  into  the  faccharine  acid  ; yetnoinftance  has  ever  occurred 
of  any  converfion  in  the  contrary  order ; that  is,  of  the  acetous  into  any  other  acid, 
or  of  the  faccharine  acid  into  the  acid  of  tartar,  or  any  other  vegetable  acids, 
excepting  the  acetous.  Weftrumb  tried  to  convert  vinegar  into  faccharine  acid 
by  abftrafting  it  repeatedly  from  acid  of  tartar,  but  without  any  fuccefs*. 

The  .theory  of  the  component  parts  of  vegetable  acids,  that  is  to  fay,  of  thofe 
bafes  which  in  combination  with  vital  air  form  acids,  embraces  the  whole  chemi- 
cal theory  of  organized  matter,  into  which  much  of  conjedhue  muft  neceflarily 
enter.  When  we  confider,  that  in  every  chemical  procels  with  thefe  fubllances, 
new  .combinations  take  place,  at  the  fame  time  that  decompofitions  are  eftedled  ; 
that  many  or  mod  of  the  products  aflume  the  elaftic  ftate,  and  confequently  are 
more  difficultly  weighed,  meafured,  and  examined  ; that  the  conftitution  of 
azotic  or  phlogifticated  air  is  ftill  a matter  of  doubt ; that  the  bafis  of  fixed  air,  a 
fluid  fo  univerfally  produced  or  extricated,  and  proved  by  Lavoifier  to  be  acidified 
charcoal,  is  ftill  in  fome  meafure  an  objedt  of  controverfy  ; that  inflammable  air 
from  organized  beings  is  fcarcely  ever  in  an  uncontaminated  ftate,  and  is  befides 
an  element,  the  difcuffion  of  which  embraces  the  great  theory  of  the  compofition 
of  water  and  acids  in  general ; that  every  other  principle  obtained  from  thefe 
fubftances,  water  and  charcoal  excepted,  is  evidently  of  a compounded  nature, 

* Crelf  Ann.  1786,  ft.  i.  f.  64,  and  Weft,  Abhand. 
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arid  with  a high  degree  of  probability  confifts  of  the  preceding  matters,  with-- 
more  or  lefs  of  vital  air  in  certain  circumftances ; — when  this  rapid  (ketch  of  the 
compofition  of  organized  bodies  is  reflected  on,  and  extended  in  its  various  rela- 
tions by  the  philofophical  chemift,  it  will  be  eafily  feen  that  much  of  conjec- 
ture mull  neceffarily  enter  into  this  theory  — conjecture  which,  if  luminous  and 
clear,,  mud  be  productive  of  bad  confequences  as  well  as  good.  Hypothefis 
well  arranged  ferves  to  methodize  faCts  and’render  them  ufeful,.to  point  out  new 
experiments,  and  to  fix  the  imagination  upon  thofe  habitudes  of  things  which, 
refult  from  the  exilling  difcoveries:  but  on  the  other  hand,  as  the  infancy  of  any 
fcience  is  neceflarily  attended  with  a fearcity  of  faCts,  and  this  fcarcity  can  be  no 
otherwife  fupplied  by  the  author  of  a conjectural  difquifition,  than  by  hazarding 
bold  inferences  from  what  is  already  known,  a large  part  of  Tuch  an  hypothefis 
mud  be  doubtful,  and  this  uncertainty  will  vitiate  the  general  conclufions.  If 
the  human  mind  were  capable  of  being  ardent  in  the  purfu'.t  of  truth,  and  at  the 
fame  time  cool  and  unprejudiced  in  the  rejection  of  error  as  foon  as  difcovered* 
we  might  with ’more  fafety  indulge  in  this  method  of  inveftigation.  But  we  in- 
fen fibly-Joe come  attached  to  theories  in  proportion  to  the  labour  of  inveftigation 
they  have  coft  us,  and  it.  feems  for  the  moft  part  an  eafier  operation  to  add  an- 
argument  or  two  in  ftipport  of  the  theory  we  have  long  dwelt  on,  than  to  weigh' 
oppofite  arguments  with  impartiality,  and  rejeCt  the  whole  at  once  if  the  interefts' 
of  truth  (hould  require  it.  If  it  be  true,  as  indeed  it  is,  that  the  moft  candid  and  en- 
lightened among  men  continually  deteCt  this  procefs  of  delufion  in  their  attempts 
to  inveftigate  the  fecrets  of.  nature  f this  confideration  tnuft  operate  as  a ftrong 
reafon  why  we  (hould  patiently  endure  a ftate  of  doubt  fo  long  as  we  do  not 
poffefs  clear  indications  of  the  truth  ; while,  on  the  contrary,  we  (hould  employ 
our  powers  rather  in  deciding  what  are  the  moft  favourable  departments  for  exten- 
five  inveftigation,  than  exert  our  ingenuity  in  completing  the  theory  of  the  little 
we  already  know. 

Confiderations  of  thjs  nature  render  me  unwilling  to  attempt  a difcuffion  of 
the  theory  of  organized  bodies.  There  is  reafon  to  think  that  their  (imple  elemen- 
tary parts  are  few,  and  that  thefe  parts,  under  peculiar  circumftanaes  of  expofure* 
temperature  and  fucceffive  operation,  aflifted  by  the  texture  of  the  animal  or  ve- 
getable itfelf,  are  combined  together  by  one  and  one  in  various  proportions,  and 
under  various  degrees  of  faturation.  For  it  is  well  known,  that  the  power  and 
probably  the  order  of  the  elective  attractions  are  affeCted  by  heat,  and  that  the 
periods  of  faturation,  as  in  tartarized  vegetable  alkali,  and  certain  metallic  falts, 
are  capable  of  affording  diftinCt  compounds  according  to  the  proportions.  Ic  alfo 
appears  more  than  probable,  that  triple  combinations  are  afforded  by  the  appli- 
cation of  a Ample  principle  to  one  of  thefe  binary  combinations.  And  in  thefe, 
not  only  the  quantity  of  the  principles  and  their  union,  but  even  the  order  of 
their  arrangement;  are  affeCted  by  the  manner  in  which  the  combination  was 
brought  about.  Thus,  as  Keir  very,  ingenioufly  -remarks,  the  combination  of 
alkali  and  oil  may  be  brought  about  when  the  proportion  of  water  to  the  pure 
fait  is  mcofifiderable,  or  when  the  temperature  of  the  mixture  is  elevated  for  a 
time;  and  this  combination,  denominated  foap,  is  then  capable  of  uniting  with 
a large  quantity  of  water.  But  if  the  fame  alkali  and  oil  and  water  had  been  at 
firft  put  together,  the  water  and  the  fait  would  have  united,  and  the  oil  would 
not  have  entered  into  combination.  We  may  carry  our  reflections  as  to  the  com- 
pounded  nature  of  organized  matters  to  an  extent  perhaps  not  ealily  limited.  Jn 
the  concrete  volatile  alkali,  we  have  azotic  air,  inflammable  air,  vital  air,  and  char- 
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coal.  If  the  charcoal  could  be  abftraded,  and  an  additional  portion  of  azotic 
air  added  in  a certain  order  of  combination,  we  fhould  have  nitrous  ammoniac. 
For  the  vital  air  with  the  principle  laft  added  would  form  nitrous  acid  inftead  of 
fixed  air,  in  which  we  affume  the  prefence  of  pure  charcoal.  Again,  if  the  com- 
pofition  of  water  be  admitted,  and  the  laft  mentioned  fait  be  difloLved  in  that  fluid, 
the  refult  will  be  azotic  air  combined  firft  with  inflammable  air;  azotic  air  again 
feparately  combined,  with  vital  air;  and  inflammable  air  combined  with  vital  air. 
So  that  the  whole  number  of  principles  in  the  folution  of  the  fait  will  be  no 
greater  than  before.  If  the  nitrous  ammoniac  had  been  fliflolved  in  ardent  fpirit 
inftead  of  water,  and  the  fpirit  be  admitted  to  confift  of  fixed  and  inflammable 
air,  the  principles  will  ftill  be  the  fame  as  before,  excepting  the  addition  of 
charcoal  or  the  bafe  of  fixed  air.  From  thefe  inftances  it  may  be  feen  how  much 
depends  upon  the  order,  time,  fltuation  and  proportions  of  the  component  parts. 
And  ftill  more,  it  will  in  a certain  degree  be  perceived,  how  much  the  methods  of 
chemical  analyfis  require  to  be  improved,  before  we  can  afcertain  by  any  exami- 
nation of  the  compound  that  order,  arrangement,  and  relative  difpofition 
of  parts  upon  which  fo  much  of  the  immediate  properties  of  the  compounds 
■depends. 

For  an  extended  view  of  this  fubjed,  the  reader  may  have  recourfe  to  the 
article  Acids  Vegetable  of  the  larger  didionary  of  Keir,  the  numerous  writings 
of  Lavoifier,  and  the  antiphlogiftic  chemifts. 

The  alkalis  afforded  by  the  incineration  or  other  management  of  vegetable 
matters  have  already  been  abundantly  treated  of  under  their  refpedive  heads. 
See  Alkalis,  alfo  Pot-ash,  and  Pearl-ash. 

The  colouring  matters  of  vegetables  are  objeds  of  the  art  of  dyeing.  Thefe 
are  changed  by  combination  with  acids,  alkalis,  and  metallic  calces.  See  Dyeing. 
The  colouring  principle  is  found,  according  to  Chaptal,  in  four  ftates  of  combi- 
nation : i.,  with  the  extradive  principle  j 2.  with  the  refinous  principle  ; 3.  with 
a fecula  ; and  4.  with  gum. 

When  the  receptacle  of  the  colour  is  of  the  nature  of  extrads,  water  takes  up 
the  whole,  as  may  be  remarked  in  logwood,  turnfole,  madder,  cochineal,  and 
the  like.  The  colour  given  to  any  fluff  by  immerfion  in  this  aqueous  folution, 
is  a mere  ftain  capable  of  being  wafhed  out.  The  art  of  the  dyer  confifts  in 
impregnating  the  fluffs  with  fome  other  principle  difpofed  to  combine  with  the 
colouring  matter,  and  form  an  infoluble  compound  with  it.  This  principle  is 
called  the  mordant.  If  the  refult  or  compound  of  the  mordant  and  the  colour- 
ing matter  be  totally  or  nearly  infoluble  in  thofe  fluids  which  are  likely  to  be  ap- 
plied to  the  fluff,  and  the  affinity  of  this  infoluble  matter  to  the  fluff  itfelf 
be  fuch  as  to  produce  a firm  adhefion  between  them,  the  tinge  or  ftain  will  be  a 
good  dye. 

Thofe  colours  which  are  foluble  in  fpirit  of  wine  only,  on  account  of  their 
refinous  bafis,  are  ufed  only  in  pharmaceutical  tindures,  or  in  the  art  of  dyeing 
ribbands. 

Of  colouring  matters  combined  with  a fecula,  indigo  and  archil,  are  leading 
inftances ; for  which  confult  the  articles  refpedively. 

Such  colouring  matters  as  produce  a firm  dye  by  treatment  with  mere  water, 
are  fuppofed  to  be  combined  with  gum  refin,  the  refinous  part  of  which  is  con- 
cluded to  ad  the  part  of  a mordant. 

The  pollen  or  fecundating  powder  of  vegetables  differs  very  little  from  wax  * 
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and  this  laft  is  with  confiderable  probability  inferred  to  confift  of  a fat  oil  hardened 
by  the  combination  of  vital  air. 

Of  the  ligneous  portion  of  vegetables,  or  the  vegetable  fibre,  we  find  but  little 
in  the  way  of  refearch  among  chemical  writers.  Its  mod;  evident  charadter  is 
infolubility  in  water  and  almolt  every  other  menftruum.  Its  expanlion  and 
contraction  by  change  of  temperature  are  likewife  lefs  than  thofe  of  any  other 
known  fubftance.  It  appears  however,  that  its  texture  or  firmnefs  is  in  fome 
meafure  altered  by  heat,  attended  with  moifture,  as  is  (hewn  in  the  common 
inftance  of  bending  timber  for  fhip- builders’  ufe.  The  vitriolic  acid  applied  to 
wood  is  decompofed.  The  wood  is  brought  nearer  to  t-he  ftate  of  coal,  and 
volatile  vitriolic  acid  flies  off.  The  nitrous  acid  is  decompofed  upon  wood, 
nearly  in  the  fame  manner,  but  appears  more  difpofed  to  produce  the  acid  ftate,. 
as  is  obfervable  when  it  is  applied  to  cork.  Dry  wood  is  fo  little  altered  by  ex- 
pofure  to  the  atmofphere,  that  we  know  of  no  procefs  of  decomposition  or  de- 
ftrudtion  which  it  undergoes  in  this  expofure,  excepting  from  the  adtion  of 
infedts  which  feed  upon  it.  Chaptal  is  of  opinion,  that  its  component  parts  are 
the  bafis  of  mucilage,  hardened  by  a greater  quantity  of  vital  air  in  the  fixed 
ftate.  For  diluted  nitrous  acid  digefted  upon  fecula  converts  it  into  a fub- 
ftance refembling  wood;  and  he  has  likewife  obferved,  that  thofe  fungi  which 
grow  in  fubterraneous  places  void  of  light,  and  are  refolved  into  a very  acid 
water  when  left  in  a veffel  to  decompofe,  will  acquire  a greater  quantity  of 
the  ligneous  principle,  if  carefully  removed  fo  as  to  vegetate  in  the  light, 
by  which  management  they  are  at  the  fame  time  deprived  of  their  acid 
principle. 

Wood  conftantly  immerfed  in  water,  appears  to  endure  at  leaft  as  well  as  in  the 
air  ; but  the  alternate  action  of  air  and  water  fpeedily  deftroys  wood  by  a procefs 
called  rotting,  which  is  apparently  of  the  fame  nature  as  the  change  produced 
by  the  adfion  of  nitrous  acid. 

It  fhould  feem  a^  if  the  combuftion  of  linen  and  other  ligneous  matters  clofely 
packed  together,  with  a certain  proportion  of  water  or  oil,  as  in  hay-ftacks,  or  the 
inftances  quoted  at  our  article  Pyrophori,  might  arife  from  the  tranfition  of 
vital  air  frequently  perhaps  afforded  by  the  wood  itfelf. 

Chaptal  diredts  our  attention  to  the  tranfition  of  mucilage  to  the  ftate  of 
wood  in  the  growth  of  vegetables.  The  cellular  envelope  which  is  immediately 
covered  by  the  epidermis  exhibits  no:hing  but  mucilage  and  glands  j but  by  de- 
grees it  hardens,  forms  a ftratum  of  the  cortical  coating,  and  at.  laft  concludes 
by  becoming  one  of  the  ligneous  rings. 

We  obferve  this  tranfition  in  certain  plants  which  are  annual  in  cold  climates, 
and  vivacious  in  temperate  climates.  In  the  former  they  are  herbaceous,  becaufe 
the  periodical  return  of  the  cold  weather  does  not  permit  them  to  develops 
thetnfelves.  In  the  fecond  they  become  arborefcent,  and  the  progrefs  of  time 
hardens  the  mucilage,  and  forms  ligneous  coatings. 

The  induration  of  the  fibrous  part  may  be  accelerated  by  caufing  the  air  and 
light  to  adt  more  ftrongly  upon  it.  M.  de  Buffon  has  obferved,  that  when  a tree 
is  deprived  of  its  bark,  the  external  part  of  the  wood  which  is  expofed  to  the 
air  acquires  a confiderable  degree  of  hardnefs ; and  trees  thus  prepared  form, 
pieces  of  carpentry  much  more  folid  than  thofe  which  have  not  undergone  fucb 
preparation. 

It  is  probably  owing  to  the  large  quantity  of  pure  air  with  which  the  fibrous 
matter  is  loaded,  that  it  is  not  difpofed  to  putrefy  ; and  it  is  in  confequence  of 
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this  moll  valuable  property  of  not  being  fubjedt  to  corruption,  that  arts  have 
been  invented  for  clearing  it  of  all  fermentable  principles  of  the  vegetable 
kingdom,  to  obtain  it  in  its  greateft  purity  in  the  fabrication  of  cloths, 
:paper,  See. 

The  mixed  fluids  of  plants  confift  in  general  of  oils,  mucilages,  falts,  and 
other  principles,  together  with  water,  much  more  confufed  when  mechanically 
extracted  by  art,  than  when  feparately  exifting  in  the  veffels  of  the  plant.  Every 
reader  will  readily  bring  to  mind  the  numerous  vegetable  prod udls  employed  as 
articles  of  food,  or  in  the  manufadtures.  And  thefe  refpedtively  compofe  fo 
large  a part  of  our  work,  that  an  enumeration  would  be  of  no  apparent  utility. 

The  elaftic  fluids  extricated  from  vegetables  have  likewife  claimed  much  of 
our  attention.  In  the  deftrudlive  diftillarion  of  vegetable  matters,  the  vaporous 
and  elaftic  produdts  commonly  are  water,  acid,  oil,  fixed  air,  and  inflamma- 
ble air.  The  quantity  of  this  laft  produdl  is  very  confiderable  ; and  though  it 
holds  fo  much  fixed  air  in  combination,  that  it'  is  not  more  than  five  times  as 
light  as  the  air  of  the  atmofphere,  yet  it  has  been  recommended  by  Morveau  as 
a cheap  material  for  inflating  aeroftatic  balloons. 

VEGETATION,  SALINE.  The  cryftallization  of  falts  in  a fluid  is  ufually 
aferibed  to  a difpofition  of  the  parts  to  come  together  in  a certain  order,  dependent 
on  a principle  fomewhat  refembling  that  polarity  which  produces  a fymmetrical 
arrangement  in  particles  of  fteel  in  the  vicinity  of  a magnet.  But  there  feerns  to 
be  fome  other  principle  concerned  in  cryftallization,  which  caufes  the  whole  ftruc- 
ture  or  group  of  cryftals  to  occupy  more  fpace  than  before,  and  in  a certain  loofe 
mode  of  expreffion  may  be  called  a difpofition  in  the  parts  to  recede  from  each 
other.  Thus  a drop  of  water  in  a very  cold  atmofphere  not  only  freezes,  but 
puts  forth  rays  in  the  form  of  a ftar,  and  ice  is  univerfally  lefs  denfe  th'an  water. 
So  likewife  in  the  tranfition  of  metals  from  the  fluid  to  the  folid  ftate,  they  not 
only  cryftallize  internally,  but  part  of  the  cryftals  protrude  themfelves  above  the 
common  furface,  fo  as  to  deftroy  its  uniformity,  and  produce  thofe  figures  with 
which  the  imagination  of  the  alchemifts  was  fo  much  ftruck.  Saline  bodies,  of 
which  the  cryftallization  forms  one  of  the  moft  common,  but  by  no  means  the 
leaft  interefting  of  the  efiedts  of  chemiftry,  likewife  exhibit  this  appearance.  For 
the  faline  matter  of  the  folutions  flowly  creeps  up  the  fides  of  the  veflels,  pafies 
over  the  rim  and  down  the  external  furface. 

Mr.  Chaptal  has  given  us  a good  memoir  on  this  fubjedt  in  the  Journal  de  Phy-  ‘ 
fique  for  Odtober  1788,  intitled  Obfervations  on  the  Influence  of  the  Air  and 
Light  upon  the  Vegetation  of  Salts. 

In  the  operations  in  the  large  way  of  his  manufactory  of  medical  and  chemical 
produdts,  he  often  obferved  that  falts,  particularly  the  metallic,  vegetated  on  the 
fide  moft  expofed  to  the  light,  and  the  frequency  of  the  effedt  induced  him  to 
make  fome  diredt  experiments  on  the  fubjedt.  For  this  purpofe  he  took  feveral 
capfules  of  glafs,  and  covered  the  half  of  each,  as  well  above  as  below,  with 
black  taffetas.  At  the  fame  time  he  prepared  folutions  of  almoft  all  the  earthy, 
alkaline  or  metallic  compound  falts  in  diftil'led  water,  at  the  temperature  of  the 
atmofphere.  Thefe  capfules  were  placed  on  tables  in  a well  clofed  chamber 
which  had  no  chimney,  and  of  which  the  doors  and  windows  were  carefully 
flopped  up,  in  order  that  die  evaporation  might  not  be  haftened  by  any  agitation 
of  the  air.  Refledled  light,  by  which  I underftand  the  light  from  the  clouds,  was 
admitted  through  a fmall  aperture  in  one  of  the  window- (flutters.  By  this  ma- 
nagement, as  well  as  the  difpofition  of  the  capfules,  one  half,  of  each  of  their 
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Yefpe&ive  cavities  received  light  from  the  aperture,  and  the  other  was  almoft 
perfeftly  in  darknefs.  The  refpeftive  folutions  were  then  carefully  poured  into 
the  capfules  by  means  of  a funnel  refting  on  the  middle  of  the  bottom,  fo  that 
the  border  of  the  fluid  was  neat  and  uniform,  without  any  irregularity  or  drop  of 
the  fluid  falling  on  the  bare.furface  of  the  glafs. 

Upwards  of  two  hundred  experiments  were  made  with  variations  of  the  prin- 
cipal trials,  fo  as  to  leave  no  doubt  with  regard  to  the  conftancy  of  the  refults. 
The  moft  remarkable  fad  is,  that  the  vegetation  took  place  on  thofe  furfaces 
only  which  were  illuminated.  This  phenomenon  was  fo  ftriking  in  moft  of  the 
folutions,  that  in  the  fpace  of  a few  days,  and  frequently  even  within  one  Angle 
day,  the  fait  was  elevated  feveral  lines  above  the  liquor  upon  the  enlightened  fur- 
face,  while  there  did  not  appear  the  fmalleft  cruft  or  edge  on  the  dark  part. 
Nothing  could  be  more  interefting  than  to  obferve  this  vegetation,  projecting 
frequently  more  than  an  inch,  and  marking  the  line  of  diftindion  between  the 
illuminated  and  dark  parts  of  the  veflel.  The  vitriols  of  iron,  of  zinc,  and 
other  metals,  more  efpecially  prefented  this  appearance.  It  was  generally  ob- 
ferved,  that  the  vegetation  was  ftrongeft  towards  the  moft  enlightened  part. 

This  phenomenon  may  be  rendered  ftill  more  interefting  by  directing  the  ve- 
getation at  pleafure  towards  the  different  parts  of  the  veflel.  For  this  purpofe, 
nothing  more  is  required  than  to  cover  the  feveral  parts  in  fucceflion.  For  the 
vegetation  always  takes  place  in  the  enlightened  parr,  and  quickly  ceafes  in  that 
which  is  covered. 

When  the  fame  diflolution  has  flood  for  feveral  days,  the  infenfible  evaporation 
gradually  depreffes  its  furface,  and  a cruft  or  edge  of  fait  is  left  in  the  obfcure 
part.  But  the  fait  never  rifes,  or  at  leaft  very  imperfectly,  above  the  liquor,  and 
cannot  be  compared  with  the  true  vegetation. 

When  falts  are  fuffered  to  vegetate  in  this  manner,  the  fpontaneous  evapo- 
ration of  the  fluid  affords  very  few  cryftals.  All  the  faline  matter  extends  itfelf 
on  the  tides  of  the  veflel. 

This  property  of  vegetation  differs  greatly  in  the  feveral  falts.  Thofe  which 
are  deliquefcent,  moiften  the  fides  of  the  veflel  to  a fmall  diftance  above  the  edge 
of  the  fluid,  but  form  neither  cruft  nor  ramification.  Thofe  falts  which  are 
leaft  deliquefcent,  appeared  in  general  to  vegetate  the  moft  fpeedily,  and  to  the 
greateft  height;  and  among  thefe  the  metallic  falts  appeared  to  have  the  pre- 
eminence. 

Very  lingular  varieties  are  obfervable  in  the  form  affeCted  by  each  fait  in  its 
vegetation.  In  fome,  among  which  are  the  vitriols  of  iron,  copper,  zinc,  and 
Glauber’s  fait,  a cruft  is  formed  which  fwells  or  blifters  in  proportion  to  its 
growth,  becomes  reduced  into  leaves,  and  forms  either  a feries  of  plates  oppofed 
to  each  other,  or  blifters  of  no  determinate  form. 

In  other  falts,  needles  are  obferved  to  iflue  from  the  liquor  along  the  fides  of 
the  veflel,  and  by  crofting  each  other  form  a very  curious  kind  of  net- work.  The 
fait  of  tin  prefented  our  author  with  one  of  thofe  very  fingular  appearances.  By 
the  too  rapid  adion  of  aqua  regia  upon  tin,  a whitith  magma  was  obtained, 
which  he  diluted  with  water  and  filtered  feveral  times.  The  folution  was  always 
whitilh,  and  in  this  ftate  was  fubmitted  to  experiment.  Some  days  afterwards, 
a faline  cruft  was  perceived  on  the  border  of  the  enlightened  part  of  the  veflel. 
This  cruft  increafed  daily,  and  appeared  to  take  root  in  the  liquor  by  a mul- 
titude of  oblong  pyramidal  cryftals  which  entered  into  the  folution.  The 
cryftals,  when  once  the  depreffion  of  the  fluid  had  left  their  extremities  bare, 

joined 


V E G 


( 982  ) 


V E G 


joined  together  by  tranfverfal  lines,  and  adorned  the  mod  beautiful  yellow 
colour. 

It  frequently  happens  that  the  lines  or  cryftals  diverge  from  a common  centre, 
and  form  the  mod  beautiful  feathers.  This  appearance  was  prefented  by  the 
acetous  fait  of  lime. 

The  vegetation  in  many  indances  forms  a thin  even  covering  on  the  fides  of 
the  veffels.  Alum,  nitre,  and  fea  fait  prefented  this  appearance. 

The  vegetation  of  certain  falts  may  be  favoured  by  the  addition  of  an  excefs 
of  acid.  Vitriolated  tartar  is  of  this  kind.  It  then  forms  white  feathers  on  the 
fides  of  the  glafs  and  the  furface  of  the  liquor,  which  fometimes  entirely  cover 
it,  and  crown  the  bofders  of  the  veflel  in  the  mod  agreeable  and  driking  manner. 
A large  fwan’s  feather  does  not  exceed  thefe  vegetations  either  in  whitenefs  or 
beauty.  Chaptal  obtained  fome  which  were  eight  or  ten  inches  in  diameter. 
They  foon  efHqrefce  if  the  veflel  be  not  fupplied  with  a due  quantity  of  the 
folution,  becaufe  this  vegetation  draws  up  a large  quantity  of  fluid  in  a fhort 
time. 

This  chemid  obferved,  that  when  the  acid  folution  was  charged  with  vitriolated 
tartar  in  excefs  by  the  abidance  of  heat,  the  fait  is  precipitated  in  fine  cry  dais  of 
vitriolated  tartar  at  the  Ample  temperature  of  the  atrnofphere,  and  thefe  crydals 
have  no  excefs  of  acid.  But  if  difiilled  water  be  faturated  with  vitriolated  tartar 
at  the  temperature  of  the  atmolphere,  and  the  fame  excefs  of  acid  be  added,  the 
fait  afforded  by  fpontaneous  evaporation  will  have  an  excefs  of  acid.  The  form 
of  thefe  crydals  was  condantly  that  of  a fix  fided  flattened  prifm,  terminating  in 
two.  facets.  From  thefe  phenomena  Mr.  Chaptal  was  led  to  believe,  that  light 
is  the  foie  determining  caufe  of  vegetation,  but  fubfequent  experiments  coiivinced 
him  that  air  is  the  principal  agent. 

1.  A folution  of  copperas  in  a capfule  well  enlightened  and  covered  with  a 
clean  glafs,  afforded  no  appearance  of  vegetation. 

2..  A fimilar  folution  left  in  a very  obfcure  place,  vegetated  in  that  part  only 
which  was  uncovered,  but  more  flowly  than  when  a greater  quantity  of  light  was 
admitted. 

3.  The  folution  placed  in  a well  clofed  bottle,  reverfed  upon  water  and  expofed 
to  day- light,  does  not  vegetate. 

4.  The  vegetation  takes  place  fooner  in  a very  open  veffel,  fuch  as  a cup, 
than  in  a cylindrical  veffel  ; fooner  in  this  lad  than  in  an  uncorked  bottle ; and 
in  clofed  veffels  not  at  all. 

If  a glafs  funnel  be  reverfed  in  a capfule  containing  a faline  folution,  the  vege- 
tation takes  place  on  the  external  lurfaces,  but  fcarcely  at  all  within.  It  appears 
therefore  that  the  accefs  of  air  and  its  free  circulation  are  peculiarly  advantageous 
to  the  production  of  this  appearance. 

It  mud  be  obferved  that  the  nature  of  the  veffels  is  not  a matter  of  indifference 
in  thefe  experiments.  Glafs  is  very  proper,  and  metals  much  Iefs  fo.  But  Chaptal 
remarks,  that  the  phenomenon  does  not  arife  from  an  affinity  between  the  veflel 
and  the  fluid,  becaufe  if  fo  the  expofure  and  light  would  not  be  required. 

Similar  experiments  on  the  vegetation  of  falts-which  efflorefce  on  the  furface  of 
earths,  afforded  refults  of  the  fame  kind.  He  affirms  that  they  all  depend  on  the 
aCtion  of  the  air,  flightly  affided  by  the  concurrence  of  light.  The  contaCt  or  pri- 
vation of  thefe  agents  either  favours  or  interrupts  the  effeCt.  The  nitrous,  aluminous, 
or  vitriolic  earths  exhibit  driking  effeCts  of  this  kind.  Their  vegetations  are  often, 
five  inches  in  length. 
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The  author  is  averfe  to  entering  into  conjedure  relative  to  this  appearance.  He 
only  demands  whether  it  be  a kind  of  affinity  between  the  air,  light  and  faline 
fubftances,  which  elevates  the  latter  contrary  to  their  gravitation  r Or  is  it,  he 
demands,  a virtue  truly  vital  which  the  contad  of  air  determines  and  foments  ? 
It  cannot  be  denied,  but  that  much  of  obfeurity  attends  the  confideration  of 
what  happens  among  the  particles  of  matter.,  and  that  the  caution  of  this  author 
is  to  be  applauded  for  encouraging  a difpofition  to  generalize  the  fads,  rather 
than  to  multiply  fpeculations.  1 (hall  likewife  therefore  avoid  any  attempt  at 
particular  explanation,  but  the  following  fads  feem  to  throw  fome  light  on  the 
fubjed. 

Cryftallization,  properly  fo  called,  is  an  effed  of  the  mutual  tendency  of  the 
parts  of  a body  to  come  together,  and  takes  place  whenever  the  quantity  of  fol- 
vent  becomes  diminiflhed.  See  Crystallization.  When  the  quantity  of 
folvent  is  (lowly  diminifired,  and  external  agitation  prevented,  the  cryftals  are 
large  and  of  a determinate  figure  ; but  in  oppofite  circumftances  they  are  fmali, 
irregular,  and.  in  confufed  groups.  The  prefence  of  light  is  found  to  interrupt 
Cryftallization  nearly  in  the  fame  manner  as  agitation  would  have  done.  The 
vegetation  of  falts  confequently  appears  to  be  of  a diftind  nature  in  certain 
refpeds  from  cryftallization  within  a fluid.  The  cryftallization  which  approaches 
moft  nearly  to  vegetation  is  effeded  when  a thin  covering  of  faline  folution  is 
fpread  out  upon  a pane  of  glafs.  In  this  cafe  the  attradions  of  the  particles  of 
the  fait  to  each  other,  are  all  nearly  in  the  fame  plane,  and  may  therefore,  not- 
withftanding  the  fpeedy  evaporation,  be  expeded  to  produce  effeds  more  fym- 
metrical  than  when  a much  greater  thicknefs  of  fluid  is  faid  to  cryftallize.  The 
manner  in  which  the  air  ads  is  a fubjed  of  no  difficulty  •,  fince  it  favours  the  cryf- 
tallization by  abftrading  the  water.  But  the  agency  of  light  in  the  experiments 
of  Mr.  Chaptal  is  much  more  obfeure.  Experiment  leads  us  no  farther  than  to 
affert  that  it  Angularly  favours  the  aflumpt ion  of  the  elaftic  (late,  infomuch  that 
principles  which  in  the  dark  would  have  remained  united,  become  feparated  by 
the  agency  of  light  which  gives  elafticity  to  one  or  more  of  them.  This  is  feen 
in  the  decompofition  of  nitrous  acid  in  half-filled  veflels;  the  extrication  of  vital 
air  from  vegetables,  and  other  fimilar  effeds.  Simple  evaporation  is  likewife  fo 
far  favoured  or  modified,  that  the  fluid  in  a clofed  veffel  or  bottle  partly  filled 
with  water  or  faline  folution,  rifes  and  is  condenfed  in  drops  on  the  fide  neared 
the  light.  This  fad  helps  us  forward  in  a certain  degree.  For  the  light  mud 
raife  part  of  the  folution,  whether  merely  aqueous  or  faline,  on  that  fide  of  the 
veffel  which  is  moft  illuminated  ; and  when  once  the  furfaceis  wetted,  the  faline 
folution  will  rife  to  a certain  height  by  cohefive  attradion.  In  this  fituation,  it 
becomes  the  film  of  liquid  expofed  on  a pane  of  glafs.  Speedy  evaporation 
affords  cryfials  more  or  lefs  regular,  on  the  fame  principle  as  ramified  cryftals  are 
produced  in  the  inftance  laft  mentioned.  The  interftices  between  thefe  minute 
cryftals  are  capillary  tubes,  which  carry  up  mare  of  the  faline  folution,  which  is 
diftributed  by  the  agency  of  light  as  before,  and  the  vegetation  goes  on.  Hence 
it  appears,  that  a want  either  of  light  or  of  air  muft  fufpend  the  procefs,  fince 
it  is  in  vain  that  the  light  is  found  to  fpread  the  fluid  over  the  furface  in  a clofed 
veffel,  if  there  be  not  enough  of  air  in  fucceflion  to  cryftallize  the  fait  by  evapo- 
ration. The  ingenious  author  remarks,  that  the  veflels  themfelves  are  not  indif- 
ferent as  to  the  prodpdion  of  this  phenomenon.  He  thinks  that  it  cannot  arife 
from  an  affinity  between  the  faline  folution  and  the  matter  of  the  vefl'el  ; but  the 
reafon  he  gives  for  this  opinion  is  far  from  being  conclufive.  For  the  abfolute 
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neceffify  o£  twmagents  in  the  production  of  a phenomenon,  does  not  exclude  a 
third  efficient  caufe.  If  three  caufes  be  jointly  neceflary,  the  abfence  of  any  one 
of  them  will  be  incompatible  with  the  production  of  the' effeCt.  I am  difpofed 
however  to  think,  that  the  different  properties  of  the  veffels  in  this  behalf  arife 
either  from  their  nature  as  condudors  of  heat  or  eledricity,  or  elfe  their  tranf- 
parency.  It  is  well  known  from  the  numerous  instances  adduced  by  Mufchen- 
broek,  that  the  dew  falls  plentifully  upon  dillaes  ©f  certain  materials,  and  avoids 
others.  The  exhalation  and  condensation  here  obferved  as  a confequence  of  the 
agency  of  light,  will  in  all  probability  be  modified  by  the  caufe  which  a£- 
feds  the  diftribution  of  the  dew  : what  that  caufe  is  mud  be  left  to  future 
refearches. 

VEINS.  The  ores  of  metals  are  frequently  found  to  fill  certain  clefts  in 
mountains.  Thefe  mafles,  when  they  run  out  in  length,  are  called  veins. 
Jnconfiderable- veins  which  diverge  from  the  principal  are  called  flips;  -and 
fuch  maffes  of  ore  as  are  of  confiderable  magnitude  but  no  great  length,  are 
called  bellies,  or  flock  works.  See  Metals,  Metallurgy,  and  Ores. 

VENUS.  The  name  of  the  planet  Venus  has  been  given  to  copper,  but  it 
is  now  fcarcely  ever  ufed.  The  chemical  charader  or  fign  of  copper  is  the 
fame  as  the  aftronomical  charader  of  the  planet..  See  the  plate  of  Chemical. 
Signs. 

VERDIGRISE  is  copper  corroded,  and  reduced  to  a very  beautiful  green 
ruff,  by  a vinous  acid.  This  matter,  which  is  ufeful  to  painters,  is  conveniently 
manufactured  at  Montpellier ; the  vines  of  Languedoc,  of  which  that  city  is  the 
capital,  being  very  proper  for  this  preparation. 

The  following  procefsfor  making  verdigrife  is  deferibed  by  Mr.  Monet  of  the 
Royal  Society  of  Montpellier,  and  is  publifhed  among  the  Memoirs  of  the 
Academy  for  the  years  1750  and  1753. 

Vine  ftalks  well  dried  in  the  fun  are  fteeped  during  eight  days  in  flrong  winey 
and  afterwards  drained.  They  are  then  put  into  earthen  pots,  and  upon  them 
wine  is  poured.  The  pots  are  carefully  covered.  The  wine  undergoes  the  ace- 
tous fermentation,  which  in  fummer  is  finiChed  in  feven  or  eight  days,  but  re- 
quires a longer  time  in  winter,  although  this  operation  is  always  performed  ia 
cellars.  When  the  fermentation  is  fufficiently  advanced,  which  may  be  known 
by  obferving  the  inner  fur  face  of  the  lids  of  the  pots,  which  during  the  progrefs 
of  the  fermentation  is  continually  wetted  by  the  moifture  of  the  riling  vapours, 
the  ftalks  are  then  ta  be  taken  out  of  the  pots.  Thefe  ftalks  are  by  this  method 
impregnated  with  the  acid  of  the  wine,  and  the  remaining  liquor  is  but  a very 
weak  vinegar.  The  ftalks  are  to  be  drained  during  fome  time  in  balkets,  and 
layers  of  them  are  to  be  put  into  earthen  pots  with  plates  ©f  Swedilh  copper,  fo 
difpofed  that  each  plate  (haft  reft  upon,  and  be  covered  with  layers  of  ftalks. 
The  pots  are  to  be  covered  with  lids,  and  the  copper  is  thus  expofed  to  the 
aCtion  of  the  vinegar,  during  three  or  four  days  or  more,  in  which  time  the  plates 
become  covered  with  verdigrife.  The  plates  are  then  to  be  taken  out  of  the  pots-, 
and  left  in  the  cellar  three  or  four  days;  at  the  end  of  which  time  they  are  to  be 
moiftened  with  water,. or  with  the  weak  vinegar  above  mentioned,  and  left  to  dry. 
When  this  moiftening  and  drying  of  the  plates  has  been  thrice  repeated,  the 
verdigrife  will  be  found  to  have  confiderably  increafed  in  quantity,  and  it  may 
then  be  feraped  off  for  fale. 

A folution  or  erofion  of  copper,  and  confequently  a verdigrife,  may  be  pre- 
pared by  employing  ordinary  vinegar  inftead  of  wine,  as  is  directed  in  the  above 
2,  procefs. 
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procefs.  But  it  would  not  have  the  undtuofity  of  ordinary  verdigrife,  which 
quality  is  neceflary  in  painting.  Good  verdigrife,  according  to  Macquer,  mu  ft 
be  prepared  by  means  of  a vinous  acid,  or  folvent  half  acid  and  half  fpirituous. 
Accordingly  the  fuccefs  of  the  operation  depends  chiefly  on  the  degree  of  fer- 
mentation to  which  the  wine  employed  has  been  carried  : for  this  fermentation 
muft  not  have  been  fo  far  advanced,  that  no  fenflbly  vinous  or  fpirituous  part  re- 
mained in  the  liquor. 

Verdigrife  is  ufed  for  painting,  as  it  furnifhes  a fine  green  colour,  when  mixed 
with  oil.  It  enters  alfo  as  an  ingredient  into  feveral  plaifters  and  ointments.  In 
chemiftry,  verdigrife  is  ufed  for  the  extraction  of  radical  vinegar,  and  for  the 
preparation  of  cryftals  of  verdigrife,  or  of  Venus. 

The  above  is  copied  from  Macquer.  Chaptal  ihforms  us,  that  the  fabrication 
of  this  article  was  till  lately  confined  to  Montpellier,  from  a prejudice  that  the 
cellars  of  that  city  alone  were  proper  for  the  operation.  His  account  of  the  ma- 
nufacture is  lefs  ample  than  the  foregoing,  but  in  effeCt  the  fame.  This  article  is 
is  alfo  made  at  Grenoble,  where  ready  made  vinegar  is  ufed  and  fprinkled  on 
plates  of  copper.  This  verdigrife  contains  one  fixth  part  lefs  of  copper  than  that 
of  Montpellier,  and  has  not  the  empyreumatic  fmell  of  the  latter.  The  vinegar 
it  affords  by  diftilladon  is  likewife  ftronger  and  in  greater  plenty.  Whence  he 
concludes,  that  part  of  the  calx  of  copper  in  this  compound  is  really  diffolved, 
and  brought  into  the  faline  date. 

VERDI  TER  is  a blue  pigment,  obtained  by  adding  chalk  or  whitening  to  the 
folution  of  copper  in  aqua  fortis.  It  is(  prepared  by  the  refiners,  who  em- 
ploy for  this  pUrpofe  the  folution  of  copper,  which  they  obtain  in  the  procefs  of 
parting,  by  precipitating  filver  from  aqua  fortis  with  plates  of  copper.  See 
Parting.  It  is  faid,  that  a fine  coloured  verditer  cannot  be  obtained  from  a 
folution  of  copper  prepared  by  diflolving  direCtly  that  metal  in  aquafortis  ; and 
that  the  filver  is  neceflary.  We  know  that  it  is  actually  made  of  a good  quality 
by  the  refiners  only.  Dr.  Merret  fays,  that  it  is  prepared  in  the  following  man- 
ner : A quantity  of  whitening  is  put  into  a tub,  and  upon  this  the  folution  of 
the  copper  is  poured.  The  mixture  is  to  be  ftirred  every  day  for  fome  hours  to- 
gether, till  the  liquor  lofes  its  colour.  The  liquor  is  then  to  be  poured  off,  and 
more  folution  of  copper  is  to  be  added.  This  is  to  be  repeated  till  the  whitening 
has  acquired  the  proper  colour.  Then  it  is  to  be  fpread  on  large  pieces  of  chalk, 
and  dried  in  the  fun. 

We  have  two  kinds  of  verditer  in  theEnglifli  market : the  one,  called  refiner* 
verditer,  has  the  form  of  a very  foft  impalpable  powder,  and  poffefles  a ftronger 
body  of  colour  than  the  other.  The  other  verditer  has  the  form  either  of  hard 
irregular  lumps  or  powder,  in  which  laft  ftate  it  is  much  hardier  to  the  feel,  and 
'is  by  no  means  fo  readily  diffufible  in  water.  The  bed  verditer  is,  as  I underftand,, 
made  by  the  refiners,  not  becaufe  their  folution  of  copper  poffefles  any  peculiar 
advantage  over  any  other  nitrous  folution,  but  becaufe  they  obtain  it  more  cheaply 
than  if  the  acid  had  not  been  already  paid  for  in  their  procefs  of  parting.  The 
value  of  the  article  is  not  fufficient  to  pay  for  the  expence  of  a direCt  folution  in 
this  country.  Common  verditer  is  made  from  the  vitriol  of  copper,  which  may 
be  had  at  a reafonable  rate  from  the  manufacturers  at  Sheffield  and  Birmingham. 

1 am  not  acquainted  with  that  part  of  their  manufactories  which  afford  it,  but 
underftand  that  it  is  not  produced  in  a direCt  way,  but  from  clippings  of  metal 
or  other  favings.  It  is  frequently  contaminated  with  iron.  The  copper  of  a fo- 
lution of  this  vitfiol  is  precipitated  by  an  addition  of  lime  in  the  making  of 
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comfnon  verditer.  Whiting  will  not  effedt  a reparation.  The  precipitate  afforded 
by  the  lime  is  blue,  but  requires  fome  management  as  to  the  quantities  of  water 
1 as  well  as  of  the  other  principles,  and  the  method  of  the  diying,  to  produce  the  bed: 
effedt.  The  flintinefs  or  liarfhnefs  of  the  common  verditer,  arifes  no  doubt 
from  an  admixture  of  felenite;  whereas  in  the  refiners  venditer  little  of  lime  is 
found,  becaufe  the  hitrous  fait  of  lime  is  very  foluble  in  the  water;  If  the  ob- 
jedt  fhould  be  found  of  fufficient  commercial  importance,  it  is  probable  that  the 
blue  calx  of  copper  in  verditer  might  be  obtained  by  an  indiredt  procefs  of  tranf- 
ferring  nitrous  acid  to  the  metal.  Ti.us,  if  the  folutions  of  nitre  and  of  vitriol  of 
copper  be  mixed,  the  alkali  unites  with  the  vitriolic  acid,  and  ^itriolated  tartar 
falls  down,  il  the  quantity  of  water  be  not  confiderable,  at  the  fame  time  that 
the  nitrous  acid  transferred  to  the  copper  remains  in  foluiion.  Other  methods 
of  decompofition  might  be  eafily  pointed  out,  but  every  thing  of  this  nature 
muft  be  referred  to  the  teft  of  experiment.  For  in  fome  inftances,  triple  com- 
pounds are  formed  where  perfect  decompofition  was  expedted,  and  in  moft  in- 
flances  the  complete  edulcoration  of  the  produdt  is  required,  and  many  apparently 
minute  circumftances  muft  be  inveftigated  and  attended  to,  where  fo  deli- 
cate a thing  as  the  colour  of  a metallic  calx  is  the  objedt  aimed  at.  The  refiners 
verditer  is  more  than  twice  as  dear  as  the  common.  Beth  are  ufed  in  water 
colours  only,  chiefly  by  the  paper  ftainers.  It  is  faid  that  the  greater  intenfity  of 
colour  added  to  the  facility  with  which  it  may  be  uniformly  fpread  over  any  fur- 
face,  affords  the  advantage  even  of  cheapnefs  to  the  refiners  verditer  ; but  the  laft 
mentioned  quality  is  communicated  to  common  verditer,  b.y  fteeping  it  for  feveral 
days  in  water  before  it  is  ufed. 

In  the  13th  volume  of  the  Annalesde  Chimie,  is  inferted  a chemical  examination 
of  verditer,  by  Pelletier,  extradted  from  a memoir  read  to  the  Academy  of  Sciences, 
After  giving  a fhort  hiftory  of  the  article  according  to  the  ufual  and  excellent 
cuftom  of  the  French  writers,  he  proceeds  to  relate  his  own  experiments.  He 
ufed  that  article  which  we  call  refiners  verditer.  1.  Verditer  was  totally  difiblved 
in  the  nitrous  and  marine  acids,  and  fixed  air  was  feparated  with  effervefcence. 
2.  The  vitriolic  acid  attacked  verditer  with  ffrong  eftervefcence,  fo  as  almoft  to 
throw  the  mixture  out  of  the  mat-rafs.  The  folution  was  not  perfedfly  clear. 
After  evaporation  to  drynefs,  diftilled  water  was  added.  It  took  Hip  the  whole, 
which  was  found  to  be  felenite  and  vitriol  of  copper.  The  former  was  firft  fe- 
parated by  evaporation,  and  afterwards  the  latter.  From  thefe  products  it  was 
afeertained  that  a hundred  grains  of  the  verditer  contained  feven  grains  of  lime, 
and  fifty  grains  of  pure  copper.  The  inferior  verditers  were  found  to  contain 
more  lime  and  lefs  copper,  the  quantity  of  the  former  in  fome  amounting  to'near 
i4grains.  Their  colour  was  accordingly  lefs  intenfe.  3.  Volatile  alkali  takes 
up  the  copper  from  verditer,  and  leaves  a fmall  portion  of  mild  calcareous  earth. 
But  the  numerical  refults  of  this  experiment  could  not  be  depended  on,  becaufe 
the  chalk  exifis  in  the  verditer  fo  minutely  divided,  or  perhaps  becaufe  it  unites 
with  the  compound  in  the  folution,  and  "bannot  therefore  be  well  feparated.  4. 
By  diftillation  in  the  pneumatic  apparatus,  by  a gradual  beat,  a lofs  of  accurately 
two  thirds  of  its  weight  was  experienced.  The  volatile  product  was  almoft 
totally  air,  foluble  in  water,  converting  tindture  of  turnfole  to  a red,  and  precipi- 
tating lime  water.  It  was  therefore  fixed  air.  A few  drops  of  water  were  per- 
ceived in  the  neck  of  the  retort,  which  being  dedudted  by  eftimate  from  the 
weight  of  the  elaftic  produdt  left  30  per  cent,  of  fixed  air.  5.  The  refidue  of 
this  diftillation  was  divided  into  two  parts,  and  reduced  with  a proper  quantity 
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©f  black  flux  and  charcoal  with  common  fait.  The  quantity  of  copper  in  one 
of  thefe  redudions  proved  to  be  49  parts  in  the  hundred  of  the  original  weight 
of  verditer,  and  the  other  proved  to  be  49-7.  With  a fmail  allowance  therefore, 
for  lofsand  inaccuracy,  this  refultmay  be  taken  as  a confirmation  of  the  humid 
analyfis,  which  gave  5c.  6.  The  quantity  of  vital  air  in  the  calx  was  afeertained 

by  inference  from  the  preceding  fads.  From  a hundred  parts  the  produds 
were  30  fixed  air,  3 i.  water,  7 lime,  and  50  copper.  In  order  to  complete  the 
hundred  parts,  it  is  neceflary  to  add  9J-.  This  will  be  the  weight  of  vital  air. 
With  a view  to  afeertain  more  perfectly  that  vital  air  is  really  contained  in  ver- 
diter, a certain  quantity  was  diftilled  till  it  afforded  no  more  fixed  air.  A little 
charcoal  in  powder  was  then  added,  and  the  diftillation  being  renewed,  more 
fixed  air  was  obtained,  which  M.  Pelletier  confiders  as  a conclufive  proof  of  the 
exiftence  of  vital  air  in  the  calx. 

Hence  it  follows  that  100  grains  of  the  very  beft  verditer  contain,  of  fixed 
air  30,  of  v'ater  3^,  of  pure  lime  7,  of  oxygene  or  vital  air  9^,  and  of  pure 
copper  50.  The  author  a fecond  time  remarks,  that  the  verditers  of  in- 
ferior quality  contain  more  chalk  and  lefs  copper.  It  is  not  diredly  aflerted, 
that  the  other  principles  in  thefe  verditers  are  unaltered  in  their  proportions.  Iii 
the  above  numbers  it  is  obfervable,  that  more  fixed  air  enters  into  the  compound 
than  is  requifite  to  convert  the  lime  into  chalk.  The  reft  muft  therefore,  in  all 
probability,  have  united  with  the  calx  of  copper.  Whether  the  blue  colour  t>« 
owing  to  its  prefence  chiefly,  is  an  objed  deferving  more  minute  enquiry.  It  is 
alfo  obfervable,  that  M.  Pelletier’s  humid  analyfis  by  vitriolic  acid,  is  not  alone 
fufficient  to  fhew  that  the  lime  in  the  common  verditers  did  not  poffefs  the  form 
of  felenite,  inftead  of  that  of  chalk. 

The  mod  perfed  analyfis  in  the  prefent  ftate  of  chemiftry,  as  has  already  been 
remarked,  under  the  article  Vegetables,  can  only  (hew  the  component  parts,  but 
not  the  order  of  their  union.  It  therefore  by  no  means  follows,  that  the  above 
principles  in  the  fame  precife  proportions  muft  unite  and  make  verditer  ; but  it 
will  be  requifite  that  a definite  calcination  of  the  copper,  a certain  divifion,  or 
ftate  either  of  folution  or  precipitation,  or  in  a word,  other  circumftances  rela- 
tive to  the  order  of  their  union,  of  which  we  know  fo  little,  ftiould  take  place. 
M.  Pelletier  had  therefore  no  inconfiderable  part  of  his  talk  remaining  to  be  done, 
before  he  could  produce  the  required  compound.  He  was  acquainted  with  the 
fad,  that  the  refiners  prepare  the  beft  verditer,  and  that  an  inferior  kind  of  ver- 
diter is  made  at  Paris  by  precipitating  vitriol  of  copper  by  vegetable  alkali,  and 
converting  it  to  a blue  by  lime  and  fal  ammoniac.  This  verditer  becomes 
greenifti  as  it  dries.  He  was  likewife  aware  that  Berthollet  had  remarked  that  the 
greenifh  precipitate  of  copper  recently  made,  and  fufficiently  diffufed  in  water, 
aflumes  in  time,  after  quick  lime  has  been  added,  a blue  colour,  greatly  re- 
fembling  that  of  verditer.  He  made  many  trials  without  fuccefs,  fome  of  which 
he  relates.  They  deferve  the  notice  of  chemifts,  but  1 omit  them  becaufe 
lefs  immediately  conneded  with  the  fubjed.  Fie  ufed  a nitrous  folution  of 
copper,  and  precipitated  by  the  alkalis  as  well  mild  as  pure.  A piece  of  chalk 
kept  for  fome  days  in  this  folution,  afiumed  a very  fine  green  colour,  refembling 
malachite.  . The  mod  promifing  experiments  were  thofe  in  which  lime  was 
the  precipitant.  It  was  found  that  the  precipitates  were  pale  green  when  the 
proportion  of  lime  was  fmaH  ; but  when  this  proportion  was  greater  than, 
enough  to  decompofe  the  whole  of  the  nitrous  folution,  the  precipitates  were 
i>lue,  of  more  or  lefs  intenfity,  His  fuccefsful  procefs  was  the  following  : 
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Copper  was  diflolved  without  heat  in  diluted  nitrous  acid.  To  this,  lime  in 
powder  was  added  with  agitation,  in  fuch  a quantity  as  to  decompofe  nearly  the 
whole  of  the  nitrous  folution,  but  not  in  excefs,  in  order  that  the  precipitate 
might  be  a pure  calx  of  copper.  After  fubfidence,  decantation  of  the  nitre  of 
lime,  edulcoration  with  water,  and  drying  upon  a cloth,  the  precipitate  was  ob- 
tained of  a pale  green  colour.  A certain  quantity  of  this,  with  the  addition  of 
as  much  water,  if  the  mafs  has  been  fuffered  to  dry,  as  is  fufficient  to  convert  it 
into- a thin  pafte,  was  put  into  a large  mortar,  or  upon  the  grinding-ftone  of  the 
colour-makers.  It  was  then  triturated  with  a fmall  portion  of  lime  in  powder.  At 
the  inftant  of  this  addition,  the  mafs  aflumed  a lively  blue  colour.  The  quan- 
tity of  lime  made  ufe  of  is  from  7 to  10  per  cent,  of  the  weight  of  the  precipitate. 
But  this  quantity  may  be  afcertained  by  trials  of  a fmall  quantity  of  the  mixture, 
which  may  be  dried  either  in  the  fun,  or  in  a warm  place  during  the  time  of  tri- 
turating. If  its  colour  when  dry  appears  too  pale,  a fmall  quantity  of  the  pre- 
cipitate of  copper  may  be  added  to  the  mafs,  taking  care  that  it  (hall  not  be 
enough  to  make  any  difference  in  the  liveliness  of  the  blue.  The  whole  is  then 
to  be  dried,  which  is  fpeedily  done,  and  the  mafs  then  proves  to  be  of  a colour 
equal,  or  even  fuperior  to  the  verditer  of  England,  and  pofleffing  the  fame  habi- 
tudes when  chemically  analyfed.  The  influence  of  light  is  of  no  confequence 
in  this  operation.  For  the  converfion  is  inftantaneous,  and  takes  place  in  the 
dark. 

M.  Pelletier  is  of  opinion,  that  the  lime  takes  the  vital  air  from  the  calx  of 
copper.  I have  been  difpofed  to  fufpeCt  the  formation  of  volatile  alkali  in  this 
procefs,  which  ftill  deferves  to  be  further  examined.  He  diftinguifhes  verditer 
from  the  cryftals  of  azure,  becaufe  th’efe  laft  are  a combination  of  copper  with 
fixed  air,  and  from  malachite,  which  may  be  confidered  as  a combination  of 
fixed  air  with  copper  fuperoxygenated. 

VESSELS  CHEMICAL.'  See  Apparatus. 

VINEGAR  is  an  acid  produced  by  a peculiar  fermentation  from  vinous 
liquors.  Its  qualities  depend  much  on  the  method  of  exciting  and  of  conducting 
that  fermentation.  The  wine  which  is  generally  converted  into  vinegar,  and  which 
for  its  cheapnefs  is  generally  employed  for  this  purpofe,  is  fuch  as  has  become 
already  four;  although  the- better  and  the  more  fpiricuous  the  wine  is,  and  alfQ 
the  more  of  the  vinous  fpirit  that  can  be  retained  in  the  vinegar,  the  better  and 
ftronger  this  will  be.  Becher  fays  in  his  Phyfica  Subterranea,  that  having  di- 
gefted  wine  in  order  to  convert  it  into  vinegar  in  a bottle  hermetically  fealed,  he 
found,  that  although  a longer  than  the  ordinary  time  was  required,  the  vinegar 
produced  was  much  ftronger  than  when  free  air  is  admitted.  M.  Cartheufer 
alfo  affirms,  that  the  ftrength  of  vinegar  may  be  much  increafed  by  adding  fomc 
ardent  fpirit  to  the  wine  before  it  is  expofed  to  the  acetous  fermentation. 

Different  methods  are  praCtifed  by  manufacturers  for  making  vinegar,  who 
are  generally  believed  to  be  poflefled  of  fome  fecret  for  that  purpofe.  Never- 
thelefs,  no  more  feems  requilite  in  the  preparation  of  good  vinegar,  than  to 
employ  good  wine,  and  to  conduCt  the  fermentation  in  the  molt  advantageous 
method  ; in  the  fame  manner  as  good  wine  can  only  be  made  from  good  muft, 
and  by  a well  conducted  fermentation.  The  principal  part  of  thefe  operations  is 
performed  by  nature. 

The  method  of  making  vinegar  confifts  in  mixing  the  wine  to  be  fermented 
with  its  dregs  and  its  tartar,  and  in  expofing  this  liquor  to  a heat  of  about  fe-* 
venty  or.  eighty  degrees.  This  fermentation  feems  to  require  more  heat  than 
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the  fpirituous.  It  alfo  excites  more  heat  and  tumult;  and  although  it  ought' 
to  be  allowed  to  proceed  brilkly,  yet  it  is  neceflary  from  time  to  time  to 
check  it. 

Boerhaave  defcribes,  in  his  Elements  of  Chemiftry,  the  following  procefs,  which 
feems  to  be  well  contrived  for  the  making  of  vinegar. 

Take  two  large  oaken  vats  or  hoglheads,  and  in  each  of  thefe  place  a wooden 
grate  or  hurdle  at  the  diftance  of  a foot  from  the  bottom.  Set  the  veffel  upright, 
and  on  the  grate  place  a moderately  clofe  layer  of  green  twigs,  or  frefh  cuttings 
of  the  vine.  Then  fill  up  the  veffel  with  the  footftalks  of  grapes,  commonly 
called  the  cape,  to  the  top  of  the  veffel,  which  mull  be  left  quite  open. 

Having  thus  prepared  the  two  veflels,  pour  into  them  the  wine  to  be  converted 
into  vinegar,  fo  as  to  fill  one  of  them  quite  up,  and  the  other  but  half  full. 
Leave  them  thus  for  twenty-four  hours,  and  then  fill  up  the  half- filled  veffel 
with  liquor  from  that  which  is  quite  full,  and  which  will  now  in  its  turn  only  be 
left  half-full.  Four-and-twenty  hours  afterwards  repeat  the  fame  operation,  and 
thus  go  on,  keeping  the  veflels  alternately  full  and  half- full  during  every  twenty- 
four  hours  till  the  vinegar  be  made.  On  the  fecond  or  third  day  there  will  arife 
in  the  half-filled  veffel,  a fermentative  motion,  accompanied  with  a fenfible 
heat,,  which  will  gradually  increafe  from  day  to  day.  On  the  contrary,  the 
fermenting  motion  is  almofl  imperceptible  in  the  full  veflel ; and  as  the  two 
veflels  are  alternately  full  anc|  half- full,  the  fermentation  is  by  that  means 
in  fome  meafure  interrupted,  and  is  only  renewed  every  other  day  in  each^ 
veflel. 

. When  this  motion  appears  to  have  entirely  ceafed,  even  in  the  half-filled 
veflel,  it  is  a fign  that  the  fermentation  is  finiflied,  and  therefore  the  vinegar  is  - 
then  to  be  put  into  calks  clofe  flopped,  and  kept  in  a cool  place. 

A greater  or  lefs  degree  of  warmth  accelerates  or  checks  this,  as  well  as  the 
fpirituous  fermentation.  In  France  it  is  finifhed  in  about  fifteen  days,  during 
the  fummer  ; but  if  the  heat  of  the  air  be  very  great,  and  exceed  the  twenty- 
fifth  degree  of  Reaumur’s  thermometer,  the  half-filled  veflel  muft  be  filled  up 
every  twelve  hours,  becaufe  if  the  fermentation  be  not  fo  checked  in  that  time, 
it  will  become  violent,  and  the  liquor  will  be  fo  heated  that  many  of  the  fpi- 
rituous parts,  on  which  the  ftrength  of  the  vinegar  depends,  will  be  diflipated, 
f6  that  nothing  will  remain  after  the  fermentation  but  a vapid  liquor,  four  indeed, 
but  effete.  The  better  to  prevent  the  diflipation  of  the  fpirituous  parts,  it  is  a 
proper  and  ufual  precaution  to  clofe  the  mouth  of  the  half- filled  veflel  in  which 
the  liquor  ferments,  with  a cover  made  of  oak  wood.  As  to  the  full  veflel, 
it  is  always  left  open,  that  the  air  may  adt  freely  on  the  liquor  it  contains; 
for  it  is  not  liable  to  the  fame  inconveniencies,  becaufe  it  ferments  but  very 
flowly. 

In  the  Didionnaire  Portatif  des  Arts  et  Metiers,  another  method  is  deferibed, 
by  which  a very  good  vinegar  is  commonly  made  at  Paris,  from  the  lees  of  wine. 
For  this  purpofe  all  the  wine  contained  in  the  lees  is  prefled  out  and  put  into 
large  calks,  the  bung-holes  of  which  are  left  open.  Thefe  calks  are  put  into  a 
hot  place,  and  if  the  fermentation  proceeds  too  faft,  it  muft  be  checked  by 
adding  more  frefh  wine.  The  procefs  is  very  fimilar  to  the  foregoing. 

The  appearances  which  accompany  the  acetous  fermentation,  refemble  much  ", 
thofe  that  occur  in  the  fpirituous  fermentation.  Jn  both  fermentations,  an  intef- 
tine  motion,  a fuelling,  a hilling  noife,  and  an  ebullition  may  be  perceived. 
There  are,  neverthelels,  eflential  differences  between  them.  Befides  that  the 
2.  . pyodudta. 
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products  of  the  vinous  and  acetous  fermentations  differ  exceedingly,  the  heat 
produced  by  the  former  is  fcarcely  fenfible,  while  that  produced  by  the  latter  is 
confiderable.  Again  there  is  reafon  to  belteve,  that  the  vapour  which  exhales 
from  vinegar  during  fermentation  is  not  noxious,  as  the  vapour  of  fermenting 
wine  is  ; at  leaft,  it  has  not  been  obferved  to  produce  fuch  bad  effeCts.  On  the 
contrary,  as  the  acid  of  vinegar  more  and  more  difengages  or  unfolds  itfelf,  it 
leems  to  acquire  more  power  to  retain  the  bafis  of  fixed  air,  which  is  the 
Truly  dangerous  part  of  the  vapours  of  fermentation.  Laftly,  vinegar  does  not 
depofit  tartar  as  wine  does,  even  although  it  has  been  made  with  wine  that  had 
not  depofited  its  tartar.  But  thefediment  of  vinegar  is  a vifcid,  oily,  and  very 
putrefcent  matter.  The  grape-ftalks  ufed  in  the  making  of  vinegar,  to  promote 
and  increafe  the  fermentation,  are  covered  over  with  this  matter  during  the  ope- 
ration. They  are  generally  wafhed  clean,  and  carefully  preferved  to  promote 
the  fermentation -of  more  vinegar,  becaufe  the  acid  with  which  they  are  foaked, 
ads  powerfully  as  a leaven  or  ferment.  The  calks  alfo  which  have  been  ufed  for 
the  preparation  of  vinegar  are  to  be  cleanfed  from  the  abovementioned  vifcid 
matter,  and  kept  for  the  fame  ufe,  as  they  are  rendered  fitter  than  new  calks  for 
the  preparation  of  vinegar. 

It  appears  that  the  ftrength  of  vinegar  is  impaired  by  too  fpeedy  fermentation 
in  veffels  not  at  all  Hopped,  moft  probably  from  the  efcape  of  ardent  fpirit,  which 
certainly  contributes  to  its  formation.  Hence  fmall  calks  or  veffels  imperfedly 
clofed,  are  beft  fuited  to  this  procefs.  In  England  the  vinegar  makers  ufe  feveral 
hundreds  of  calks  difpofed  in  the  open  air,  with  the  bung-hole  upwards,  and 
covered  each  with  a tile  to  exclude  the  rain.  Beer  is  brewed  of  a proper  ftrength 
from  malt  for  this  exprefs  purpofe.  The  addition  of  hops  is  not  here  ufed. 

Milk  alfo  affords  vinegar  by  fermentation.  This  fluid  does  not  afford  ardent 
fpirit  enough  to  favour  the  operation,  which  therefore  requires  either  the  addition 
of  a fmall  portion  of  fpirit,  or  a confiderable  heat,  fuch  as  that  of  a warm  oven 
for  two  or  three  days. 

Much  ingenious  reafoning  has  been  offered  by  philofophers  on  the  effeCls  of 
the  acetous  fermentation,  and  the  component  parts  of  vinegar.  The  leading 
and  eftabl iflied  fads  are,  that  ardent  fpirit  appears  neceffary  for  the  production  of 
this  acid  by  fermentation,  and  that  vital  air  is  abforbed  in  the  procefs.  Hence 
it  appears  to  follow  that  ardent  fpirit  contains  the  acidifiable  balls  of  vinegar. 
From  the  order  of  convertibility  of  vegetable  acids  into  each  other,  it  is  ren- 
dered highly  probable,  that  thefe  have  one  common  bafis,  and  differ  only  in  the 
greater  or  lefs  degree  of  acidification.  The  moft  perfeCl  and  laft  ftate  of  vege- 
table acidification  is  fixed  air.  Lavoifier  has  offered  proof  that  charcoal  confifts 
almoft  totally  of  the  bafis  of  fixed  air. 

Glafs  vefl'els  are  preferable  for  the  diftillation  of  vinegar,  as  well  as  for  mod: 
other  chemical  operations,  where  their  fize  and  the  required  heat  will  permit. 
Earthen  or  ftone  ware  veffels  may  alfo  be  ufed.  For  larger  quantities  a copper 
alembic  with  a glafs  head  and  worm  pipe  of  pure  tin  is  recommended.  Some 
dired  that  the  infide  Ihould  be  tinned,  and  others  that  it  Ihould  be  fmeared  with 
greafe.  This  laft  contrivance  does  not  feem  to  promife  much  advantage,  and 
may  vitiate  the  acid,  fince  Rozier  remarks,  that  fat  oils  and  vinegar  have  fome 
aCtion  on  each  other  in  diftillation.  There  is  probably  nothing  to  fear  from  the 
bare  copper,  if  the  vinegar  be  poured  in  hot.  For  the  confeftioners  have  long 
fince  remarked,  that  hot  vinegar  does  not  corrode  or  receive  any  impregnation 
from  their  copper  veffels,  though  there  is  much  danger  in  fuffering  it  to  remain 
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in  them  cold.  This  has  been  explained,  not  from  the  difference  of  temperature, 
but  the  exclufion  of  the  external  air  by  the  vapours  of  the  hot  fluid,  which  in 
neither  cafe  can  a<ft  on  the  copper,  «unlefs  vital  air  be  prefent  to  be  abforbed. 
Diftilled  vinegar  is  called  the  acetous  acid. 

Dr,  Creil,  in  the  Journal  de  Phyfique  for  October  1785,  has  given  a fet  of  ex- 
periments to  (hew  that  all  the  vegetable  acids  are  convertible  into  one,  and  that 
the  primitive  acid  is  contained  in  the  pureft  fpirit  of  wine.  His  reafoning  and 
induftions  are  conformable  to  the  theory  of  phlogifton.  Molt  chemiffs  at  pre- 
fent, whatever  may  be  the  theories  they  maintain,  would  find  it  necefiary  to 
attend  ftri&ly  to  the  agency  of  vital  air  in  procefies  of  this  nature.  1 give  the 
experiments  in  the  words  of  the  Englifh  tranflation  at  the  end  of  Scheele’s 
Eflays.  Thefe  may  be  compared  with  the  fafts  adduced  under  the  article  Ve- 
getables. 

1.  If  the  refiduum  of  dulcified  fpirit  of  nitre  be  boiled  with  a large  quantity 
of  nitrous  acid,  care  being  at  the  fame  time  taken  to  condenfe  the  vapours  by 
a proper  apparatus;  and  if  the  liquid  which  has  pafled  over  be  faturated  with 
vegetable  alkali,  nitre  and  terra  foliata  tartari  will  be  obtained.  If  the  latter  be 
feparated  by  means  of  fpirit  of  wine,  the  vinegar  may  be  got  by  the  ordinary 
procefs. 

2.  Upon  boiling  the  refiduum  over  again  with  nitrous  acid,  the  fame  products 
are  obtained.  The  oftener  this  procefs  is  repeated,  the  lefs  is  procured  of  acid 
of  fugar,  and  at  length  no  veftige  of  it  is  to  be  found. 

3.  If  pure  acid  of  fugar,  completely  formed,  be  boiled  with  twelve  or  four- 
teen times  its  quantity  of  nitrous  acid,  the  former  difappears,  and  the  receiver 
is  found  to  contain  phlogifticated  nitrous  acid,  vinegar,  aerial  acid,  phlogifti- 
cated  air,  and  in  the  retort  there  remains  a little  calcareous  earth. 

4.  If  the  acid  of  fugar  be  boiled  with  fix  times  its  quantity  of  vitriolic  acid, 
there  are  found  in  the  receiver  vinegar,  phlogifticated  vitriolic  acid,  aerial 
acid,  and  in  the  receiver  pure  vitriolic  acid. 

5.  By  faturatirig  the  refiduum  of  dulcified  fpirit  of  nitre  with  chalk,  there 
is  formed  an  infoluble  fait,  which  on  being  treated  with  vitriolic  acid,  yields 
a real  acid  of  tartar ; for,  with  vegetable  alkali,  it  conftitutes  cream  of  tartar. 

6.  If  the  liquor,  from  which  the  tartarifed  lime  (tartareous  felenite)  was  pro- 
cured, be  evaporated,  there  will  remain  a dark-coloured  matter,  which  yields, 
on  diftillation,  empyreumatic  acid  of  tartar,  and  a fpongy  coal.  Hence  it  ap- 
pears, that  fpirit  of  wine  confifts  of  acid  of  tartar,  of  water,  and  phlogifton  : 
fo  that  it  is  a native  dulcified  acid  ; and  nitrous  acid,  on  being  mixed  with  it  in 
moderate  quantity,  difiodges  the  acid  of  tartar.  If  more  nitrous  acid  be  added, 
the  acid  of  tartar  is  converted  into  acid  of  fugar  and  phlogifton  ; and  by  adding 
a new  portion  of  nitrous  acid,  the  acid  of  fugar  is  changed  into  vinegar. 

7.  If  one  part  of  acid  of  fugar,  together  with'  one  and  one-half  part  of  man- 
ganefe,  be  boiled  with  a fufficient  quantity  of  nitrous  acid,  the  manganefe  will 
be  almoft  entirely  diffolved,  and  vinegar,  with  phlogifticated  nitrous  acid,  pafs 
over  into  the  receiver. 

8.  If  acid  of  tartar  and  manganefe  be  boiled  with  vitriolic  acid,  the  manganefe 
will  be  diffolved,  and  vinegar,  with  vitriolic  acid,  be  obtained. 

9.  When  acid  of  tartar,  manganefe  and  nitrous  acid,  are  boiled  together, 
the  manganefe  is  diffolved,  and  vinegar,  together with  phlogifticated  nitrous  acid, 
is  obtained. 

to.  If  acid  of  tartar  and  fpirit  of  wine  be  digefted  together  for  feveral  months, 
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the  whole  is  converted  into  vinegar,  and  the  air  in  the  veflel  becomes  partly  fixed, 
and  partly  phlogifticated  air. 

11.  If  fpirit  of  wine  be  boiled  with  vitriolic  acid  and  manganefe,  it  will  be 
converted  into  vinegar-and  phlogifticated  air. 

12.  Spirit  of  wine,  by  being  diftilled  upwards  of  twenty  times  from  off  cauftic 
alkali,  was  changed  into  vinegar,  and  a confiderable  quantity  of  water  was 
obtained. 

Hence  it  follows,  according  to  Crell,  that  the  acids  of  tartar,  and  of  fugar,  and 
vinegar,  are  modifications  of  the  fame  acid,  as  it  contains  more  or  lefs  phlogifton, 
or  as  the  modern  chemifts  would  fay,  lefs  or  more  acidified  by  vital  air.  The  acid 
of  tartar  has  the  greateft  quantity  of  the  phlogifton  ; the  acid  of  fugar  a little 
lefs,  and  vinegar  has  the  fmalleft  quantity.  Or  if  the  real  principle,  vital  air, 
be  confidered,  its  quantities  in  thefe  are  in  the  inverted  order,  more  inftead  of 
lefs.  In  thefe  experiments,  it  is  neceffary  to  employ  nitrous  acid  and  fixed 
alkali,  without  any  admixture  of  marine  acid,  otherwife  the  obferver  will  be  led 
into  miftakes. 

Vinegar,  as  an  acid,  unites  with  all  the  alkalis,  fome  earths,  and  mod  of 
the  metals ; and  with  thefe  bafes  it  forms  compounds,  fome  of  which  are 
cryftallizable,  and  others  have  not  yet  been  reduced  to  a regularity  of  figure. 

The  affinity  * of  the  acetous  acid  to  thefe  fubftances,  is  inferior  to  that  of  mofl 
of  the  other  acids,  even  of  the  vegetable  and  animal  kingdoms,  as  appears  from 
Bergman’s  table  of  affinities.  The  acetous  falts  are  eafily  decompofed  by  other 
ftronger  acids,  efpecially  by  the  vitriolic,  nitrous,  and  marine ; and  at  the  fame 
time  the  acetous  acid  may  be  procured  by  diftillation.  Thefe  falts  may  likewife 
be  decompofed  merely  by  heat ; but  in  this  procefs  the  acetous  acid  is  alfo 
decompofed,  and  changed  chiefly  into  fixed  and  inflammable  air,  in  all 
thofe  inftances  where  the  acid  is  fo  ftrongly  combined  with  the  bafis  of 
the  fait,  as  to  require  a certain  confiderable  degree  of  heat  to  effedt  its  fe- 
paration. 

With  ponderous  earth  the  faline  mafs  formed  by  the  acetous  acid,  does  not 
cryftallize  ; but  when  evaporated  to  drynefs,  it  deliquefees  by  expofure  to  air. 
This  mafs  is  not  decompofed  by  acid  of  arfenic.  Bergman,  Nov.  Adt.  Upf.  ii. 
223.  . Although  this  earth  is  placed  by  Bergman  at  the  head  of  the  column  of 
the  acetous  acid  in  his  table,  as  having  the  greateft:  affinity,  he  acknowledges  that 
this  fuperiority  is  not  founded  on  experiment. 

With  fixed  vegetable  alkali  this  acid  unites  and  forms  a deliquefeent  fait 
fcarcely  cryftallizable,  called  improperly  foliated  earth  of  tartar,  and  regenerated 
tartar. 

With  mineral  alkali  it  forms  a cryftallizable  fait,  which  does  not  deliquefee. 
To  this  fait  no  name  has  been  generally  given,  but  it  may  not  improperly  be 
called  acetous  fait  of  mineral  alkali. 

The  fait  formed  by  uniting  vinegar  with  volatile  alkali,  called  by  the  various 
names  of  fpirit  of  Mindererus,  liquid  fal  ammoniac,  acetous  fal  ammoniac,  and 
by  Bergman,  alkali  volatile  acetatum,  is  generally  in  a liquid  ftate,  and  is  com- 
monly believed  not  to  be  cryftallizable,  as  in  diftillation  it  paffes  entirely 
over  into  the  receiver.  It  neverthelefs  may  be  reduced  into  the  form  of 
fmall  needle-fhaped  cryftals,  when  this  liquor  is  evaporated  to  the  confidence  of 
% fyrup. 

* Thefe  affinities  and  compounds  are  from  lieu’*  Did.  Add  acetous. 
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Weftendorf,  by  adding  his  concentrated  vinegar  to  mild  volatile  alkali,  ob- 
tained a pellucid  liquid  which  did  not  cryftallize,  and  which  by  diftillation  was 
totally  expelled  from  the  retort,  leaving  only  a white  fpot.  In  the  receiver 
under  the  clear  fluid  a trimfparent  faline  mafs  appeared,  which  being  feparated 
vfrom  the  fluid,  and  expofedto  gentle  warmth,  melted,  and  threw  out  abundance 
of  white  vapours,  and  in  a few  minutes  fhot  into  fharp  cryftals  refembling  tbofe 
of  nitre.  Thefe  cryflals  remained  unchanged  while  cold,  bur,  when  melted  by 
a gentle  warmth,  they  fmoked  and  evaporated.  Their  tafte  at  firft  was  lharp 
and  then  fweet,  and  they  poflefled  the  general  properties  of  neutral  falts. 

The  fait  formed  by  diflolving  chalk  or  other  calcareous  earth  in  diddled  vine- 
gar, called  fait  of  chalk,  or  fixed  vegetable  fal  ammoniac,  and  by  Bergman  calx 
acetata,  has  a fharp  bitter  tafte,  appears  in  the  form  of  cryftals  refembling 
ibmewhat  ears  of  corn,  which  remain  dry  when  expofed  to  air,  unlefs  the 
acid  has  been  fuperabundant,  in  which  cafe  they  deliquefte.  By  diftilling 
without  addition,  the  acid  is  feparated  from  the  earth,  and  appears  in  the 
form  of  a white  acid  and  inflammable  vapour,  which  fmells  like  acetous  ether, 
fomewhat  empyreumatic,  and  which  condenfes  into  a reddifh  brown  liquor. 

This  .liquor  being  rectified,  is  very  volatile  and  inflammable:  upon  adding 
water  it  acquires  a milky  appearance,  and  drops  of  oil  feem  to  fwim  upon  the 
furface.  After  the  rectification,  a reddifh  brown  liquor  remains  behind  in  the 
retort,  together  with  a black  thick  oil.  When  this  earthy  fait  is  mixed  with  a 
folution  of  Glauber’s  fait,  the  calcareous  earth  is  precipitated  along  with  the 
vitriolic  acid,  the  acetous  acid  uniting  with  the  mineral  alkali,  makes  a cryftalliz- 
able  fait,  or  foliated  earth,  by  the  calcination  of  -which  to  whitenefs,  the 
mineral  alkali  may  be  obtained.  This  acetous  calcareous  fait  is  not  folubie 
in  fpirit  of  wine. 

With  magnefia,  the  acetous  acid  unites,  and,  after  a perfeCt  faturation,  forms 
a vifcid  faline  mafs,  like  a folution  of  gum  arabic,  which  does  not  fhoot  into 
cryftals,  but  remains  deliquefcent,  has  a tafte  fweetifh  at  firft,  and  afterwards 
bitter,  and  is  foluble#in  fpirit  of  wine.  The  acid  of  thi^  faline  mafs  may  be 
feparated  by  diflillation  without  addition.  See  Margraaf’s  Chemical  Works, 
vol.  ii.  Wenzel  on  Affinities,  and  Bergman  on  Magnelia. 

The  earth  of  alum  obtained  by  boiling  alum  with  alkali,  and  edulcorated  by 
digeftingin  an  alkaline  lixivium,  is  diflolved  by  diftilled  vinegar  in  a very  incon- 
fiderable  quantity.  (Wenzel,  p.  202.)  A confiderable  quantity  of  the  earth  of 
alum,  precipitated  by  alkali,  and  edulcorated  by  hot  water  in  Margraraf ’s  manner, 
(Chemical  Works,  vol.  i.  p.  200.)  is  folubie  in  vinegar,  and  a whitifh  faline 
mafs  is  then  obtained,  which  is  not  cryftallizable.  From  this  mafs  a concentrated 
acetous  acid  may  be  obtained  by  diftillation.  Margraaf  fays  that  he  obtained 
final  1 needle-fhaped  -cryftals  from  a folution  of  earth  of  alum  in  acetous  acid. 

The  acetous  acid  has  no  aftion  upon  filiceous  earth,  for  the  n?edle-!haped  cryftals* 
obferved  byDurande  (tie-mens  deChymie,  Dijon,  iii.  13.)  in  a mixture  of  vinegar 
with  the  earth  precipitated  from  a liquor  of  flints,  do.  not  prove  the  fclubiiity  ot 
filiceous  eaith,  as  Leonharcli  obferves. 

- Zinc  is  folubie  not  only  in  its  metallic  and  calciform  ftates,  but  alfo  when 
mixed  with  other  metals,  according  to  the  experiments  of  Me 'firs,  Mac.quer  and 
Montigni.  (Gazette  de  Sante,  1 777.)  Concentrated  vinegar  diflolves  zinc  with 
much  heat,  fulphureous  fmell,  and  exhalation  of  inflammable  vapour,  and  forms 
with  it  a congealed  mafs,  which  being  diluted  with  water,  yields  oblong  iharp 
cryftals,  by  the  firft  Cryftallization,  and  ftar-like  cryftals  afterwards.  Wenzel 
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fays,  he  obtained  foliated  talky  cryftals,  and  Monnet  got  from  this  folution, 
transparent,  friable,  talky  cryftals  of  a white  pearly  colour,  when  bruifed, 
fome  of  a laminated,  and  others  of  a granulated  form.  He  obferved  that  this 
fait,  when  thrown  on  the  coals,  fulminated  at  firft  a little, and  gave  a blueilh  flame, 
and  then  melted,  letting  its  acid  efcape,  while  a yellow  calx  remained.  (Elem. 
de Chym.  iii.  38.) 

The  acetous  fait  of  zinc  is  decompofed  by  diftillation,  without  addition,  ac- 
cording to  Hellot,  into  water,  an  inflammable  liquor,  an  oil  which  at.  firft  ap- 
pears yellow,  and  afterwards  green,  and  white  flowers,  which  burn  with  a blue 
flame.  Weftendorf  obtained  in  this  diftillation  no  oil,  but  fome  acetous  acid  ; 
a fweet-tafted  empyreumatic  liquor  containing  zinc  ; a fublimate  of  flowers 
which  were  fweet,  Soluble  in  water,  and  burnt  with  a. green  flame ; and  when  a 
Stronger  heat  was  applied,  the  zinc  Sublimed  in  its  metallic  ftate,  leaving  a Spongy 
coal  at  the  bottom  of  the  retort.  The  folution  of  zinc  in  acetous  acid  gives  a 
green  colour  to  fyrup  of  violets,  throws  down  a white  precipitate  on  adding 
alkalis,  or  an  infufion  of  galls,  is  not  precipitated  by  common  fait,  vitriolated 
tartar,  vitriolic  or  marine  acids,  blue  vitriol,  or  corrofive  Sublimate,  but  forms 
a red  precipitate  when  added  to  a folution  of  gold  ; a white  precipitate  with 
folution  of  Silver,  a cryftalline  pearly  precipitate  with  folution  of  mercury,  and 
cryftalline  precipitates  with  Solutions  of  bilmuth  and  of  tin.  (Weftendorf,  f. 
45.)  Bergman  fays,  this  acetous  folution  of  zinc  is  decompofed  by  the  acid  of 
arfenic.  (Nov.  Ad.  Upf.  tom.  ii.) 

Vinegar  diflolves  iron  with  a flight  effervefcence,  caufed  by  the  difengagement 
of  an  inflammable  gas,  and  acquires  a reddifh  brown  colour.  The  folution 
when  evaporated  depofits  much  ochre,  and  yields  when  cold  a few  deliquefcent 
cryftals,  according  to  Monnet.  (Diflolut.  des  Metaux.)  Thefe  cryftals  have  a 
fweetilh,  ftyptic  tafte  : when  expofed  to  diftillation  their  acid  efcapes,  and  a 
yellow  calx  remains  which  is  attradable  by  the  magnet.  But  Mr.  Gellert  fays, 
that  the  folution  yielded  by  diftillation  only  a watry  fluid. 

• Vinegar  has  Scarcely  any  adion  upon  manganefe,  even  in  a boiling  hear.  Ne* 
verthelefs  concentrated  vinegar  by  being  repeatedly  diftilled  with  manganefe,  be- 
comes Saturated,  and  the  fait  is  deliquefcent.  (Scheeleon  Manganefe.) 

Regulus  of  cobalt  is  not  foluble  in  vinegar,  but  its  calx  gives  a pale  rofe*- 
coloured  folution,  which  has  the  property  of  being  a fympathetic  ink,  that  re- 
ceives a green  colour  from  marine  acid.  This  folution  is  not  decompofed  by  acid 
of  arfenic.  (Bergman,  Nov.  Ad.  Upf.  ii.  245.)  ■ 

Vinegar  diflolves  nickel,  and  the  folution  yields  green  cryftals.  (Bergm.  de 
Nicolo,  f.  14.) 

The  eafy  folution  of  lead  by  vinegar,  and  the  fait  called  Sugar  of  lead  thence 
refulting,  are  well  known. 

Tin  communicates  to  vinegar,  by  means  of  digeftion,  a turbid  appearance, 
and  a metallic  tafte.  Alkalis  precipitate  a little  from  this  folution.  (Margraaf’s 
Chem.  Works,  vol.  ii.)  This  tin  does  not  adhere'  ftrongly  to  the  acid,  and 
yields  no  cryftals  by  evaporation,  but  a yellow  gummy  faline  mafs,  of  an  un- 
pleafant  fmell,  which  does  not  deliquefce,  but  melts  eafily  upon  coals,  Swells 
like  borax,  and  leaves  behind  a gray  Spongy  afh.  This  folution  of  tin  in  vine- 
gar may  be  decompofed  by  iron,  zinc,  and  lead,  likewife  by  vitriolic  acid,  by 
common  fait,  and  by  alkalis.  It  forms  a black  precipitate,  when  added  to  a fo- 
lution of  filver,  and  to  a folution  of  gold  a purple  precipitate.  (Weftendorf,  f. 
35.)  The  precipitate  of  tin  is  not  more  copioufly  foluble  than  metallic  tin  in, 
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concentrated  vinegar.  (Wenzel,  Verw.p.  199.)  The  calx  of  tin,  which  has 
been  ftrongly  calcined  either  by  deflagration  with  double  its  quantity  of  falt- 
petre,  and  well  edulcorated,  or  the  precipitate  from  a folution  in  tin,  by  means 
of  fpirit  of  fal  ammoniac,  are  fo  foluble  in  this  acid,  that  dry  dais  may  be  thence 
obtained,  which  are  white,  hard,  folid,  tranfparent,  and  fweetifh,  called  Myn- 
ficht’s'falt  of  Jove,  or  fait  of  tin.  This  acetous  fait  of  tin  may  be  decompofed 
by  vitriolic  acid,  by  common  fait,  or  by  alkali.  (Bergman  in  Scheffer’s  Chem, 
Works,  p.  237.) 

Bifmuth  and  alfo  its  calx,  according  to  Pott,  (Obferv.  Chem.  vol.  i.  p.  167.) 
are  foluble  in  acetous  acid,  with  which  they  form  a bitter  acrid  liquor,  which 
cannot  eafily  be  brought  to  cryftallize.  Wenzel  alfo  mentions  the  folubility 
of  bifmuth  in  this  acid,  (Verw.  p.  204.)  and  fays  that  upon  evaporating  the  fo- 
lution a yellow  mafs  is  left,  which  is  no  longer  foluble  in  water.  He  fays  that 
bifmuth  is  more  foluble  in  its  metallic  than  calciform  ftate.  However,  that  its 
calx  is  alfo  in  fome  degree  foluble  in  the  acetous  acid,  appears  from  Bergman. 
(Nov.  A£t.  Upf.  tom.  ii.  p.  242.) 

Wedendorf ’s  concentrated  vinegar  feemed  to  have  but  little  aftion  on  bifmuth, 
for  i-f  ounce  of  the  acid,  with  a digedion  of  twelve  hours,  .didolved  only  eleven 
grains.  (Loc.  citat.  f.  41.) 

The  above  authorities  prove  clearly  that  the  authors  of  the  Elemens  de  Chymie, 
a Dijon,  are  midaken  in  their  aflertion  of  the  abfolute  unfolubility  of  bifmuth, 
or  of  its  precipitate,  in  acetous  acid.  (Tom.  iii.  p.  37.) 

The  regulus  of  antimony  is  lcarcely  acted  upon  by  the  acetous  acid,  even 
when  a boiling  heat  is  applied,  according  to  Wenzel  and  Monnet.  Neverthe* 
lefs  it  appears  to  be  diflolved  in  fufficient  quantity,  not  only  by  vinegar,  but 
even  by  wine,  to  impart  to  thefe  liquors  an  emetic  quality.  But  this  quantity 
may  be  too  minute  to  be  difcovered  byweighfng.  Weftendorf  has  alfo  ob- 
ferved,  that  the  vinegar  digefted  on  regulus  of  antimony  gives  a greenifh  colour 
to  the  Prufiian  lixivium,  although  it  does  not  give  any  indication  of  iron  to 
infufion  of  galls;  and  that  when  this  vinegar  is  abdratfted,  an  appearance  of  a 
fublimate  and  a metallic  refiduum  fhew  that  there  had  been  fome  degree  of 
folution.  The  calx  and  glafs  of  antimony  are  fomewhat  more  foluble  in  this 
acid.  The  powder  precipitated  from  a folution-  of  regulus'  of  antimony  in 
aqua  regis,  by  means  of  fixed  alkali,  is  foluble  in  concentrated  vinegar,  but  the 
folution  on  evaporation  is  not  crydallizable  according  to  Wenzel.  This 
folution  may  be  decompofed  by  acid  of  arfenic.  (Bergman,  Nov.  Aft.  Upf. 
ii.  246.) 

The  regulus  of  arfenic  is  not  foluble  in  this  acid,  but  its  calx  may  be  diflolved 
either  in  common  or  diftilled  vinegar.  Cadet  (S^avans  Etrang.  iii.J  obtained  a 
fmoking  liquor  by  diddling  a mixture  of  white  arfenic  and  foliated  earth.  The 
authors  of  the  Elemens  de  Chymie,  a Dijon,  iii.  39.  repeated  and  extended  this 
enquiry,  and  met  with  fome  curious  refults,  of  which  Keir  gives  a tranflation. 
Tire  fubdance  is  as  follows  : 

1.  Five  ounces  of  diddled  vinegar  were  digefled  on  a fand  bath,  upon  white 
pulverized  arfenic.  The  filtered  liquor  was  covered  during  evaporation  with  a 
white  faline  crud,  in  quantity  two  gros  eight  grains.  From  fome  trials  on 
animals  it  was  much  lefs  noxious  than  arfenic  itfelf.  2.  To  a fofution  of  this  cruft 
in  water  a folution  of  alkali  was  added,  (I  fuppofe  veg.  alk.)  a fait  in  irregular 
crydals  was  formed  in  the  courfe  of  fome  days,  which  threw  down  a yellow  pre- 
cipitate from  the  nitrous  folution  of  filver.  3.  A mixture  of  equal  parts  of 
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foliated  earth  and  white  arfenic  afforded  at  firft'  a final!  quantity  of  clear  fluid,  inr 
which  acid  predominated.  And  the  fecond  product  feparately  received  was  a 
reddifh  brown  liquor  of  an  abominable  fmell,  which  filled  the  receiver  with 
fumes.  Towards  the  end  of  the  operation,  a black  powder  fublimed  to  the' 
neck  of  the  retort,  together  with  a little  reguline  arfenic,  and  a fubftance  which 
took  fire  like  fulphur  upon  the  application  of  a lighted  candle.  4.  The  red 
liquor  preferved  its  property  of  fmoking  when  cold,  and  emitted  the  fame  deteft-- 
able  fmell.  It  gave  flight  indications  of  acidity. 

Thefe  chemilts  were  delirous  of  examining  a yellowifh  matter  of  an  oily  ap- 
pearance,  which  had  fubiided  to  the  bottom  of  the  bottle.  For  this  purpofe 
they  carefully  decanted  the  fupernatant  liquor,  and  poured  the  remainder  upon 
a filter  of  paper,  when  before  many  drops  had  paffed,  there  arofe  a thick  fmoke, 
forming  a column  from  the  veflel  to  the  ceiling.  A flight  ebullition  of  the  mac- 
_ ter  was  perceived  at  the  fides  of  the  veflel,  and  a beautiful  rofe-colourcd  flame 
appeared  during  fome  inftants.  The  paper  of  the  filter  was  burnt  at  one  fide, 
and  mofl  of  it  was  only  blackened.  After  the  flame  was  extinguifhed,  a fat 
reddifh  matter  was  obferved,  which  being  melted  on  burning  coals,  gave  a white 
flame,  was  confiderably  diflended,  and  afterwards  funk,  leaving  a black  fpot  on 
the  coal,  which  required  the  utmoft  heat  to  be  effaced.  The  liquor  had  been 
diftilled  three  weeks,  and  the  bottle  had  often  been  opened  when  thefe  obfer- 
vations  were  made.  The  inflammability  could  not  proceed  from  the  concen-- 
tration  of  the  vinegar,  for  the  rofe-colour  of  the  flame,  the  precipitation  of  the 
fublimate,  and  the  fixity  of  the  fpot  on  the  coal,  prove  that  thefe  two  fubftanees 
were  united,  and  in  a ftate  of  combination,  which  is  further  evinced  by  the  lofs' 
of  the  inflammable  property,  when  the  liquor  was  decompofed  by  a fixed  alkali. 
This  fmell  fo  penetrating  and  fetid,  which  exhaled  from  this  new  phofphorus, 
affedted  the  operators  with  no  other  inconvenience,  than  an  unpleafant  fen- 
fation  in  the  throat,  which  further  confirms  the  above  conje&ure,  that  yinegar 
correds  arfenic. 

The  faline  brown  mafs  that  remained  in  the  retort,  was  partly  foluble  in  hot 
water,  and  yielded  by  evaporation  a fait  which  was  not  deliquefcenr,  and  afforded 
no  perceptible  fmell  of  arfenic  when  placed  on  burning  coals.  The  refid uum 
after  this  treatment  was  mealy,  white  and  fixed  ; the  following  day  it  deliquefced  j 
whence  thefe  chemifts  concluded  that  it  confided  chiefly  of  alkali  which  had 
been  enabled  to  cryftallize  by  receiving  fixed  air  from  the  vinegar. 

Vinegar  does  not  ad  upon  mercury  in  its  metallic  ftate,  but  it  diffolves  the 
metallic  calces,  as  precipitate  per  fe,  turbith  mineral,  and  the  precipitate  formed 
by  adding  fixed  alkali  to  a folution  of  mercury  in  nitrous  acid  ; with  all  which 
preparations  of  mercury  it  forms  white,  fhining,  fcaly  cryftals,  like  thofe  of 
fedative  fait  of  borax. 

Concentrated  acetous  acid  does  not  diffolve  filver  in  its  metallic  ftate,  but  it 
readily  diffolves  the  yellow  calces  of  filver  precipitated  from  its  folution  in  nitrous 
acid  by  means  of  fufible  fait  of  urine,  or  volatile  alkali ; and  very  copioufly 
with  the  help  of  a boiling  heat,  the  precipitate  thence  obtained  by  means  of 
fixed  vegetable  alkali.  (Margraaf’s  Chemical  Works,  i.  treatife  5th.)  The 
laft  mentioned  folution  yields  fhining,  oblong,  needle-lhaped  cryftals,  which  are 
changed  to  a calx  by  means  of  feveral  acids,  efpecially  by  the  marine;  and  zinc, 
iron,  tin,  copper,  and  quickfilver  throw  down  the  filver  in  its  metallic  form. 
(Bergman,  Anarerk.  zu  Scheffer,  8cc.  Weftendorf,  lib.  cit.  8c  Wenzel,  Verwand- 
. ichaft.) 
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The  acetous  acid  makes  no  impreflion  upon  gold  in  its  metallic  ftate.  The 
crude  or  undiftilled  vinegar  decompofes  a folution  of  gold,  and  produces  a 
dark  violet-coloured,  and  alfo  a metallic  precipitate.  Diftilled  vinegar  throws 
down  the  gold  in  its  proper  ftate.  The  precipitate  effeded  by  adding  fixed 
alkali,  when  digefted  with  acetous  acid,  is  of  a purple  colour  (Berg.  Nov.  Ad. 
Upfal.  ii.  237.)  WeftendorPs  concentrated  vinegar  diffolves  not  only  this 
precipitate,  but  alfo  fulminating  gold,  and  the  latter  very  eafily.  The  folu-- 
tion,  which  is  yellow,  gives  with  a volatile  alkali  a yellow  precipitate ; with  a, 
lixivium  of  blood,  a blue  precipitate  ; and  both  thefe  precipitates  fulminate. 
The  dry  fait  of  gold  diffolves  in  this  acid,  and  gives  oblong  yellow  cryftals. 
(Weftendorf.  Difp.  cir.  fed.  12 — 1 5.) 

Platina  is  unfoluble  in  the  acetous  acid,  but  the  precipitate  obtained  by  ad- 
ding fixed  alkali  to  the  folution  is  foluble  in  this  acid.  (Bergm.  Nov.  Ad. 
Uplal.  ii.  238.) 

Concerning  the  adion  of  vinegar  on  fpirit  of  wine,  fee  Ether.  This  acid 
has  no  effed  upon  fat  oils,  except  that  when  diftilled  together,  fome  kind  of 
mixture  takesplace,  as  the  Abbe  Rozier  obferves.  (De  la  Fermentation  desVins, 
p.  iii.)  Neither  does  diftille'd  vinegar  ad  upon  effential  oils  ; but  Weftendorf’s 
concentrated  acid  diffolved  about  a fixth  part  of  oil  of  rofemary,  or  one  half 
its  weight  of  camphor  ; which  latter  folution  was  inflammable  ; and  the  cam- 
phor was  precipitated  from  it  by  adding  water. 

Vinegar  diffolves  the  true  gums,  and  partly  the  gum  refins,  by  means  of  dR 
geftion.  (Poerner,  Delin.  Pharm.  fed.  85.)  . 

Boerhaave  obferves,  that  vinegar  by  long  boiling  diffolves  the  flelh,  carti- 
lages, bones  and  ligaments  of  animals.  (Elem.  Chem.  ii.  proc.  52.) 

The  Count  de  Lauraguais  obtained  highly  concentrated  vinegar  from  verdi- 
grife  in  an  icy  form.  This  form  has  hitherto  been  entirely  afcribed  to  the  cu- 
preous particles  combined  with,  or  at  leaft  ading  upon  it  ; but  Mr.  Rowitz*  has 
ftiewn,  that  the  acetous  acid  itfelf  poffeffes  the  property  of  affirming  a cryftal- 
lized  form. 

This  chemift  prepared  a concentrated  vinegar  (alkohol  aceti)  by  congelation, 
in  the  following  manner  : — He  froze  a whole  barrel  of  vinegar  as  much  as  pof- 
lible,  then  diftilled  the  remaining  unfrozen  vinegar  in  a water  bath  ; by  which 
means  he  at  firft  efpecially  colleded  the  fpirituous  ethereal  part ; the  vinegar 
which  next  comes  over  he  froze  again  as  much  as  poflible,  and  afterwards  pu- 
rified it,  by  diftilling  it  again  with  three  or  four  pounds  of  charcoal  powder.  By 
this  means  he  never  failed  to  procure  a very  pure,  fweet-fmelling,  highly  con- 
centrated vinegar  ; the  agreeable  odour  of  which,  however,  may  be  ftill  far- 
ther improved  by  the  addition  of  a proper  quantity  of  the  ethereal  liquor  col- 
leded at  the  beginning  of  the  firft  diftillation,  but  which  muft  be  previoufly 
dephlegmated  by  two  or  three  redifications. 

After  the  diftillation  on  the  water-bath  was  over,  that  no  vinegar  might  be 
loft,  he  removed  the  retort,  with  the  charcoal  powder  which  remained  in  it,  to  a 
land-bath  ; and  thus  he  obtained,  by  means  of  a ftrong  fire,  a few  ounces  more 
of  a remarkably  concentrated  vinegar,  which  was  of  a yellow  colour. 

Having  colleded  about  ten  ounces  of  this  concentrated  vinegar,  he  expofed 
it  to  a cold  equal  to  195  of  De  Lille’s  thermometer;  in  which  fituation  it  (hot 
' into  cryftals  from  every  part.  He  let  what  remained  fluid  drop  away  from  the 
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cryftals  into  a bafon  placed  underneath,  firfl  in  the  cold  air,  and  afterwards 
at  the  window  within  doors.  There  remained  in  the  bottle  fnow-white  finely 
foliated  cryftals,  c.lofely  accumulated  upon  each  other,  which  at  firfl;  he  took  to 
be  nothing  but  ice  : on  placing  them  upon  the  warm  ftove,  they  diffolved 
into  a fluid  which  was  perfectly  as  limpid  as  water,  had  an  uncommonly  ftrong, 
highly  pungent,  and  almoft  fuffbeating  acetous  fmell,  and  in  the  temperature  of 
145  of  De  Lifle’s  fcale,  immediately  congealed  into  a folid  white  cryftallized 
mafs,  refembling  camphor. 

The  quantity  of  this  excellent  glacial  vinegar  amounted  to  two  ounces ; and 
the  following  are  the  moft  remarkable  properties  which  it  exhibits  in  this  uncom- 
monly beautiful  cryftallized  ftate  : 

1.  In  a temperature  of  145  degrees,  the  previoufly  liquefied  glacial  vinegar 
begins  to  lhoot  into  beautiful  arborefeent  and  plumous  figures,  exadly  in  the 
fame  manner  as  water  that  undergoes  a gradual  congelation.  There  is  at  this 
time  a confiderable  extrication  of  air-bubbles,  and  at  length  the  vinegar  con- 
geals into  a cryftallized  and  completely  folid  mafs. 

2.  This  cryftallized  glacial  vinegar  requires  a temperature  of  at  leaft  126,  in 
order  to  become  fluid  again. 

3.  The  cryftallization  of  the  fluid  glacial  vinegar  is  fooneft  effe&ed  by  placing 
it  in  water  mixed  with  fnow  or  ice. 

4.  If  only  a part  of  the  cryftallized  glacial  vinegar  is  melted,  by  the  applica- 
tion of  the  warm  hand,  an  appearance  of  very  fine  cryftallizations  is  afforded, 
provided  the  warmth  of  the  room  is  not  greater  than  1 30  degrees.  This  may 
be  repeatedly  produced.  If  it  is  fuffered  to  remain  undifturbed  in  this  tempe- 
rature, large  fpecular  cryftals  are  feen  to  (hoot  up  along  the  fides  of  the  bottle, 
confiderably  above  the  fluid,  and  frequently  to  bend  over  to  the  oppofite  fide^ 
in  the  form  of  an  arch,  till  they  dip  into  the  liquid  vinegar  again. 

5.  One  of  the  molt  remarkable  phenomena  is  this,  that,  by  expofing  to  an 
increafing  cold,  a great  variety  , of  exceflively  delicate  vegetations,  refembling  a 
fublimation,  take  place  in  the  empty  part  of  the  bottle.  Although  they  ftretch 
out  very  far,  and  hang  as  it  were  floating  in  the  empty  part  of  the  bottle,  they 
only  adhere  by  a very  fmall  point.  They  are  fo  extremely  thin  and  tranfparent, 
as  not  to  be  difcernible  in  certain  directions  j and  they  frequently  exhibit  all  the 
various  colours  of  the  rainbow. 

6.  By  placing  the  melted  glacial  vinegar  in  fnow,  the  four  following  equally 
pleafing  appearances  may  be  produced  : 

If,  as  exa&ly  as  poffible,  the  fmalleft  degree  of  cold  in  which  the  glacial  vine- 
gar is  capable  of  beginning  to  freeze,  be  applied,  there  are  immediately  formed, 
on  opening  the  bottle  and  fhaking  it  a little,  an  immenfe  number  of  extremely 
thin  floating  cryftals,  which  are  in  the  form  of  equilateral  triangles,  quadran- 
gular planes,  &c.  and  exhibit,  efpecially  in  clear  weather,  the  fineft  variety  of 
colours. 

On  increafing  the  Cold,  and  afterwards  opening  and  fhaking  the  bottle  as 
before,  beautiful,  fhining,  thin  cryftals  of  a quadrangular,  pentangular,  hexan- 
eular,  radiated  form,  fall  to  the  bottom,  and  exadly  refemble  flakes  of 
fnow. 

In  a (till  greater  degree  of  cold,  little  radiated  balls,  or  globular  lumps,  fall 
down  to  the  bottom,  increafing  very  quickly  in  fize  during  their  defeent. 

Laftly,  if  the  refrigeration  is  carried  to  its  higheft  pitch,  and  the  bottle  is 
opened  and  fhaken  before  the  cryftallizatio-n  has  fpontaneoufly  begun,  the  vi- 
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negar  congeals  throughout,  with  an  extraordinary  quicknefs,  into  a compact, 
fnow- white,  ftriated  mafs. 

For  the  produftion  of  thefe  appearances,  it  is  neceflary  that  the  glacial  vine- 
gar be  previoufly  brought  into  a perfe&ly  liquid  date. 

7.  The  internal  furface  qf  the  bottle,  in  which  the  glacial  vinegar  is  kept,, 
is  frequently  covered  over  with  the  fineft  delineated  figures,  fome  of  which  are 
crifped,  after  the  manner  of  the  froft  on  windows ; others,  on  the  contrary,  are 
of  an  angular,  jagged,  or  rectilinear  form,  amongft  which  are  alfo  fometimes  to 
be  feen,  quite  diltinCt  from  the  other  figures,  equilateral  triangles. 

. 8.  When  the  glacial  vinegar  begins  to  cryftallize  in  a quiet  place,  the  furface 
of  the  ftill  fluid  vinegar  is  .covered  over,' as  foon  as  fome  fpicular  and  arboref- 
cent  cry-dais  (hoot  from  the  bottom  upwards,  with  a cruft  as  fhiningand  fmooth 
as  a mirror ; underneath  which,  however,  a large  concavity  is  immediately  af- 
terwards formed  by  the  air,  which  is  extricated  in  great  abundance,  and  mounts, 
upwards. 

9.  Glacial  vinegar  in  its  folid  or  cryftallized  ftate,  notwithftanding  the  great 
quantity  of  air-bubbles  that  are  entangled  in  its  whole  mafs,  occupies  much  lefs 
fpacQ  than  it  did  in  its  fluid  ftate. 

After  Mr.  Lowitz  had  attended  to  thefe  ftriking  properties,  and  had  -obferv- 
ed  that  vinegar  in  this  ftate  is  of  fuch  an  extraordinary  ftrength  and  purity  as 
to  be  in  its  higheft  degree  of  perfedion,  he  took  all  poffible  pains  to  find  out 
a method  of  obtaining  all  the  acetous  acid  in  the  ftate  of  glacial  vinegar. 

The  ftrength  of  each  fort  of  vinegar,  which  it  was  neceflary  for  him  to  know 
in  his  experiments,  by  degrees  he  afeertained  in  the  following  manner  : viz. 
To  one  drachm  of  vinegar  he  added,  drop  by  drop,  a clear  folution  of  equal 
parts  of  fait  of  tartar  and  water,  till  all  at  once  a cloudinefs  or  precipitation  ap- 
pears. Although,  on  the  appearance  of  this  fign,  the  acid  is  already  fuper-fatu- 
rated  with  the  alkali',  yet  it  feems  to  be  a more  accurate  teft  for  afeertaining  its 
ftrength  than  the  ceffation  of  effervefcence  ; for  as  the  point  of  faturation  ap- 
proaches, the  effervefcence  becomes  fo  imperceptible,  that  it  is  almoft  impof- 
fible  to  determine  with  precifion  when  it  is  really  at  an  end.  Every  five  drops 
of  the  alkaline  folution,  which  he  finds  it  neceflary  to  add  to  the  vinegar,  till, 
the  precipitation  takes  place,  he  reckons  as  one  degree.  Thus,  for  example, 
if  a determinate  quantity  of  vinegar'  requires  25  drops  for  that  effed,  he  de- 
notes its  ftrength  by  five  degrees.  This  is  about  the  ftrength  of  good  diftilled 
vinegar. 

That  vinegar  which  in  confequence  of  its  concentration  is  capable  ofcryf-'' 
tallizing  in  a great  degree  of  cold,  he  calls  cryftallizable  vinegar;  the  cryftals 
of  vinegar  feparated  after  the  cryftallization  is  completed,  from  the  remaining 
fluid  portion,  he  calls  glacial  vinegar;  and  laftly,  to  the  fluid  refiduum  he 
gives  the  name  of  mother  ley  of  vinegar. 

From  a great  number  of  experiments  he  found,  that  vinegar  muft  have  at 
lead  twenty-four  degrees  of  concentration,  before  it  can  be  brought  to  cryf- 
tallize by  expofure  to  the  mod  intenfe  cold.  Vinegar  muft  be  of  the  ftrepgth 
of  42  degrees  at  lead:,,  in  order  to  become  glacial  vinegar;  viz.  in  this  ftate  of 
concentration  it  has  the  property  of  cryftalli/.ing  in,a  degree  of  cold  not  exceed- 
ing that  in  which  water  begins  to  freeze. 

He  found  that  charcoal,  on  being  diftilled  with  vinegar  in  a water-bath,  pof- 
feffes  the  lingular,  and  hitherto  unknown  property,  of  imbibing  a certain 
quantity  of  the  acetous  acid  in  a very  concentrated  date,  and  of  retaining  it  fo. 
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ftrongly,  that  the  acid  cannot  be  feparated  from  it  again,  but  by  the  applica- 
tion of  a confiderably  greater  degree  of  heat  than  that  of  boiling  water.  Upon 
this  circumftance  is  founded  the  new  method  which  he  difcovered  of  concen- 
trating vinegar,  fo  as  to  obtain  all  its  acid  in  the  pnreft  ftate,  viz.  that  of  a 
glacial  vinegar. 

Let  a barrel  of  vinegar  be  concentrated  by  freezing  in  the  manner  before  de- 
fcribed,  and  let  the  concentrated  vinegar  thus  obtained,  free  from  all  inflam- 
mable or  fpirituous  parts,  be  put  into  two  retorts  : add  to  each  of  them  five 
pounds  of  good  charcoal  reduced  to  a fine  powder,  and  fubjedt  them  to  dif- 
tillation  in  a water-bath.  When  no  more  drops  of  vinegar  come  over,  put  the 
diftilled  liquor  into  two  frefh  retorts ; and  after  adding  five  pounds  of  charcoal 
powder  to  each,  proceed,  as  before,  to  diftillation  -in  a water-bath.  Tn  the 
mean  time,  the  two  firft  retorts  are  to  be  placed  in  a fand-bath,  that,  by  means 
of  a brifk  fire,  the  cryftallizable  vinegar  which  is  retained  in  the  apparently  dry 
charcoal  powder  may.be  expelled  from  it.  The  heat  muft  be  ftrong  enough  to 
nxike  the  drops  follow  one  another  every  two  feconds ; and  when,  in  this  degree 
of  heat,  20  feconds- intervene  between  each  drop,  the  vinegar  which  has  been 
colleded  muft  be  removed  ; for  what  follows  is  hardly  any  thing  elfe  but  mere 
water.  In  this  manner  about  fix  ounces  and  a half  of  cryftallizable  vinegar, 
which  is  generally  of  the  ftrength  of  between  36  and  40  degrees,  may  be  col- 
leded.from  each  retort.  As  foon  as  the  diftillation  by  the  water  bath  in  the  two 
other  retorts  is  oyer,  the  diftilled  liquor  is  to  be  poured  back  again  into  the 
firft  retorts  upon  the  charcoal  powder,  which  remains  in  them,  and  which  has 
been  already  yfed 4 and  from  each  of  thefe  retorts  the  remaining  cryftallizable 
vinegar  (which  generally  amounts  to  as  much  as  the  firft  quantity)  is  to  be  ab- 
ftraded  by  diftillation  in  a fand-bath.  Thefe  operations  may  be  alternately 
repeated,  till  all  the  acid  of  the  vinegar  which  had  been  concentrated  by  freez- 
ing, is  converted  into  cryftallizable  vinegar ; or  until  the  diftilled  liquor,  con- 
ftantly  becoming  weaker  and  weaker  at  every  repetition  of  the  diftillation, 
comes  over  at  length  in  the  ftate  of  mere  water;  which,  with  the  abovemen- 
tioned  quantity  of  charcoal  powder,  generally  happens  at  the  fourth  or  fifth 
diftillation.  Now,  in  order  to  obtain  the  greateft  part  of  the  pure  acid  con- 
tained in  the  Cryftallizable  vinegar,  in  the  form  of  glacial  vinegar,  it  muft  be 
fet  to  cryftallize  in  a great  degree  of  cold and  the  mother  ley  muft  be  after- 
wards thoroughly  drained  from  the  glacial  vinegar,  by  letting  it  drop  from  the 
.cryftals,  firft  in  the  cold,  and  then  in  the  room  before  the  window.  The  mo- 
ther ley  may  be  rendered  further  cryftallizable,  by  diddling  it  with  a little  char- 
coal powder ; the  weaker  part  which  comes  over  firft  being  put  afide.  But  if 
a perfon  wifhes  to  keep  the  cryftallizable  vinegar  (which  far  exceeds  Mr. 
Weftendorf ’s  in  point  of  ftrength)  for  other  purpofes,  and  without  feparating 
any  glacial  vinegar  from  it,  he  muft  diftil  the  whole  of  it  again  with  charcoal 
powder  in  a fand-bath. 

Mr.  Lowitz  found  by  accurate  experiments,  that  by  means  of  this  curious 
procefs  ten  pounds  of  vinegar  concentrated  by  freezing  to  the  nineteenth  de- 
gree, may  be  made  to  yield  38  ounces  of  cryftallizable  vinegar,  from  which  20 
ounces  of  glacial  vinegar  may  be  obtained. 

What  conftitutes  the  excellence  of  this  method,  is,  that  the  concentration 
and  purification  are  effected  by  one  and  the  fame  medium ; viz.  the  charcoal 
powder ; in  confequence  of  which,  both  intentions  are  fulfilled  at  the  fame 
time. 
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The  cryftallization  of  the  vinegar  is,  at  the  fame  time,  the  means  by  which 
it  acquires  its  higheft  degree  of  concentration,  and  its  greateft  purity  ; for  ad 
the  extraneous  matter,  which  cannot  otherwife  be  parted,  even  with  the  affift- 
ance  of  the  charcoal,  from  the  genuine  acid,  is  thus  feparated  from  the  pure 
acetous  cryftals,  and  left  behind  in  the  mother  ley. 

It  was  this  extraneous  matter,  which  cannot  well  be  feparated  from  the  pure 
acetous  acid  by  any  other  means  but  by  cryftallization,  that  led  Dr.  Amburger, 
agreeably  to  the  refults  of  his  experiments,  to  draw  conclufions  contrary  to  Mr. 
Weftrumb’s  theory,  refpedting  the  convertibility  of  the  acetous  acid  into  the 
acid,  of  fugar. 

Mr.  Lowitz,  in  the  courfe  of  his  experiments  relative  to  this  procefs,  for  con- 
centrating and  purifying  vinegar  by  charcoal  powder  and  cryftallization,  made 
the  following  observations : 

1.  With  one  pound  of  charcoal  powder  very  little  more  than  ten  drams  of 
cryftallizable  vinegar  are  obtained  ; and  this  is  the  cafe,  whether  the  vinegar, 
which  is  to  be  diftilled  over  it,  be  ftrong  or  weak,  in  a large  or  in  a fmall 
quantity.  It  is  taken  for  granted,  however,  that  the  vinegar  (hall  contain  at 
leaft  as  much  acid  as  the  charcoal  powder  is  capable  of  imbibing  and  retaining 
in  the  diftillation  by  the  water-bath. 

2.  The  quantity  of  cryftallizable  vinegar  which  is  obtained,  is  in  a dire<f£ 
ratio  to  the  quantity  of  charcoal  powder  employed. 

3.  The  leaft:  cold  in  which  cryftallizable  vinegar,  prepared  by  means  of 
charcoal  powder,  (hoots  into  cryftals,  is  that  of  173  degrees. 

4.  In. the  firft  diftillation  a yellow  cryftallizable  vinegar  comes  over;  but  in 
the  fubfequent  diftillations,  by  which  the  vinegar  is  purified  from  all  its  co- 
louring or  inflammable  matter,  it  is  always  obtained  perfectly  limpid  like 
water. 

5.  Cryftallizable  vinegar  of  the  ftrength  of  38  degrees,  yielded  glacial  vine- 
gar of  54  degrees  of  concentration,  whilft  the  ftrength  of  the  mother-ley  amount- 
ed only  to  28  degrees. 

6.  All  glacial  vinegar  is  not  of  an  equal  ftrength. 

■7.  Mr.  Lowitz  thinks  he  has  obferved  that  glacial  vinegar  is  (Longer,  in 
proportion  to  the  intenfenefs  of  the  cold  by  which  it  has  been  produced. 

8.  In  a cold  of  183  degrees,  he  obtained  glacial  vinegar  of  the  ftrength  of 
540,  which  he  finds  to  be  the  higheft  degree  of  concentration  which  the  acetous 
acid  is  capable  of  obtaining. 

. 9.  As  the  water-bath,  though  it  infures  fuccefs,  is  often  inconvenient,  and 
takes  up  a great  deal  of  time,  it  may  be  difpenfed  with  by  a (kilful  manage- 
ment of  the  fire  ; which,  however,  requires  very  great  attention. 

Mr.  Lowitz,  in  the  further  profecution  of  the  experiments  with  concentrated 
glacial  vinegar,  obferved  many  other  curious  phenomena,  which  are  as  fol- 
low : 

If  vinegar  concentrated  by  freezing  be  diftilled  very  flowly,  and  without 
any  addition,  there  comes  over,  at  laft,  a fmall  quantity  of  cryftallizable  vi- 
negar, from  which,  by  means  of  a great  degree  of  cold,  a little  glacial  vinegar 
may  be  procured.  This  method,  however,  is  not  only  very  tedious,  but  the  vi- 
negar thus  obtained  is  highly  phlogifticated  and  empyreumatic. 

By  abftra&ing  a large  quantity  of  common  diftilled  vinegar,  over  charcoal 
powder,  firft;  in  a water-bath  and  afterwards  in  a fand-bath,  cryftallizable  vine- 
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gar  may  in  like  manner  be  obtained ; but,  on  account  of  the  great  propor- 
tion of  water  in  diftilled  vinegar,  this  method  is  extremely  tedious. 

Reflecting  on  this  property  of  glacial  vinegar,  viz.  that  it  requires  for  its  li- 
quefaction a degree  of  warmth  confiderably  greater  than  that  in  which  the 
completely  liquefied  glacial  vinegar  is  capable  of  cryftallizing,  Mr.  Lowitz  was 
led  to  difcover  a method  by  which  cryftallizable  vinegar  may  be  made  to  cryf- 
tallize  in  a cold  1 5 degrees  lefs  than  that  which  was  before  required,  viz.  Into 
fome  previoufly  liquefied  glacial  vinegar  he  dipped  a thin  cotton  wick,  cryf- 
tallized  the  vinegar  by  placing  it  in  fnow,  and  then  in  a cold  of  158  degrees 
applied  the  fame  wick,  with  the  cryftals  adhering  to  it,  to  the  furface  of  fome 
cryftallizable  vinegar  of  the  ftrength  of  38  degrees  ; there  immediately  formed 
round  the  end  oft  the  wick  a number  of  needle-fhaped  cryftals,  which  vifibly 
increafed  in  fize;  the  furface  of  the  vinegar  became  covered  over  with  an  icy 
cruft  ; a great  number  of  radiated  cryftals,  exaftly  refembling  flakes  of  fnow, 
gradually  funk  to  the  bottom  of  the  bottle,  where  they  continued  to  accumu- 
late, and  at  length  the  vinegar,  throughout,  fhot  into  fine  large  cryftals.  By 
this  mode  of  treatment,  it  is  rendered  unnecefiary  to  wait  for  a cold  of  173 
degrees,  fo  that  we  have  it  in  our  power,  at  all  times,  to  obtain  vinegar  in  the 
ftate  of  very  beautiful  tranfparent  cryftals,  of  a regular  prifmatic  fhape,  and  fe- 
veral  inches  in  length. 

From  two  pounds  three  ounces  of  perfectly  dry  foda  acetata,  and  a pound 
and  a half  of  highly  concentrated  oil  of  vitriol,  Mr.  Lowitz  prepared,  accord- 
ing to  Mr.  Weftendorf’s  method,  13  ounces  of  an  alcohol  aceti,  of  the  ftrength 
of  32  degrees.  By  expofing  it  in  the  night  time  to  a cold  of  174  degrees,  and 
by  applying  to  its  furface  fome  cryftals  of  glacial  vinegar,  adhering  to  a cotton- 
wick,  he  immediately  brought  it  to  cryftallize;  and  the  next  morning,  in  a 
cold  of  182  degrees,  he  found  it  formed  into  beautiful  prifmatic  cryftals,. 
which  were  three  inches  in  length.  After  the  mother  ley  was  poured  off,, 
thefe  cryftals  weighed  three  ounces  two  drams  and  a half.  He  diftilled  this 
mother  ley,  the  ftrength  of  which  ftill  amounted  to  24  degrees,  with  two  pounds 
of  charcoal  powder,  in  a water-bath  : the  vinegar  which  came  over  into  the  re- 
ceiver had  a very  fweet  fmell,  and  was  now  only  of  the  ftrength  of  16  de- 
grees. From  the  refiduous  powder  he  afterwards  obtained,  by  diftiliation  in  a 
land-bath,  two  ounces  fix  drams  and  a half  of  a fmoking  cryftallizable  vi- 
negar, of  the  ftrength  of  36  degrees. 

The  properties  of  this  glacial  vinegar,  prepared  from  Mr.  Weftendorf’s  vi- 
negar, are  precifely  the  fame  as  thofe  of  the  glacial  vinegar  which  is  obtained 
by  means  of  charcoal  powder  alone  ; whence  it  follows,  that  the  vinegar  is  not 
altered  by  its  combination  with  a foreign  body  (viz.  the  alkali),  and  its  fublequent 
fepaiation  from  it ; or  that  the  charcoal  produces  the  fame  effeift  as  the  alkali. 

After  much  reflection,  Mr.  Lowitz  was  fo  happy  as  to  find  out  another  very 
effectual  method  of  feparating  the  acetous  acid  from  the  other  fubftances  com- 
bined with  it,  fo  as  to  obtain  it  at  once  in  the  ftate  of  a glacial  vinegar  of  the 
greateft  poflibie  ftrength.  The  feparating  medium  which  he  thought  of,  is  a 
vitriolated  tartar  fuper-faturated  with  vitriolic  acid,  a fait,  in  which,  con- 
formably to  his  purpofe,  the  vitriolic  acid  exifts  in  a perfectly  dry  and  de- 
phlegmated  ftate. 

His  firft  bufinefs  was  to  contrive  an  eafy  method  of  preparing  this  fait,  whofe 
properties  have  been  hitherto  but  little  ex-amined  ; after  various  trials,  he  hit 
upon  the  following  fuccefsful  procefs  ; 
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Mix  together  in  a tall  matrafs  {even  parts  of  water  with  an  equal  quantity  of 
oil  of  vitriol,  and  to  the  very  hot  mixture  add,  as  quickly  as  the  effervefcence  will 
permit,  four  parts  of  fait  of  tartar,  or  levigated  pot-afhes.  As  foon  as  the  mix- 
ture becomes  cool,  the  fuperfatu rated  vitriolated  tartar  {hoots  into  fine  large 
cryftals.  After  the  whole  is  become  quite  cold,  and  the  cryftallization  is  at  an 
end,  the  liquor  (which  may  ferve  again  for  a frefh  mixture  of  the  fame  kind) 
is  to  be  poured  off,  and  the  fait  which  remains  in  the  matrafs  is  to  be  Ihaken 
together,  and  to  be  well  rinfed  as  quickly  as  poffible  with  cold  water,  in  order 
to  cleanfe  it  from  all  the  vitriolic  acid  which  adheres  to  its  furfaces,  and  which 
would  otherwife  be  prejudicial  to  the  dry  acid.  The  cryftals  are  afterwards  to 
be  dried  by  expofure  to  the  fire,'  and  to  be  triturated  to  a very  fine  powder,  which, 
juft  before  it  is  ufed,  muft  be  again  thoroughly  exficcated. 

By  means  of  this  fait,  a highly  concentrated  glacial  vinegar  may  be  obtained 
in  the  following  manner  : 

Let  three  parts  of  acetated  foda,  prepared  with  vinegar  diftilled  over  charcoal, 
and  evaporated  to  perfedl  drynefs,  be  melted  in  a ftrong  heat  ; then  pour  it  out, 
and  rub  it  to  a very  fine  powder.  Mix  this  powder  very  accurately  with  eight 
parts  of  fuperfaturated  vitriolated  tartar,  that,  has  been  previoufly  well  dried,  and 
in  like  manner  reduced  to  a fine  powder ; put  the  whole  into  a retort,  and  diftil 
it  with  a gentle  heat,  in  fuch  a manner,  that,  along  with  the  drops  fome  vapours 
alfo  may  be  perceived  to  come  out  of  the  neck  of  the  retort  j but  by  no  means 
fo  that  the  receiver  {hall  be  filled  with  thefe  vapours.  Notwithftanding  the 
moderate  heat,  the  vinegar  comes  over  very  faft ; and  the  quantity  of  glacial 
vinegar,  of  the  ftrength  of  54  degrees,  which  is  thus  obtained,  amounts  to  nearly 
two  parts,  and  poffefles  all  the  charadters  which  have  been  before  deferib'ed. 

By  this  procefs,  feyen  pounds  of  glacial  vinegar  may  be  obtained  from  300 
pounds  of  common  vinegar ; and  from  five  pounds  of  diftilled  vinegar,  of  the 
ftrength  of  five  degrees,  two  ounces  of  glacial  vinegar  may  be  procured  in  the 
fpace  of  fix  houis. 

This  glacial  vinegar  generally  acquires  an  unpleafant  fmell,  from  which, 
however,  it  may  be  completely  freed  by  diftillation  with  charcoal  powder,  in 
the  proportion  of  at  leaft  five  or  fix  parts  of  the  latter  to  one  part  of  the  vinegar  ; 
or,  to  three  ounces  of  this  vinegar  add  about  a dram  of  perfe&ly  dry  and  finely 
pulverized  acetated  calcareous  earth;  {hake  them  well  and  repeatedly  together, 
and  let  the  mixture  remain  expofed  to  the  fun-fhine  till  the  difagreeable  fmell  is 
entirely  gone  ; then  re- diftil  the  vinegar  in  a gentle  heat. 

In  its  purification,  whatever  be  the  way  in  which  it  is  effedted,  this  glacial 
vinegar  is  unavoidably  lowered  fome  degrees  in  ftrength. 

The  melting  of  the  acetated  foda  only  ferves  for  the  expulfion  of  all  the 
watery  parts  {rom  the  fait ; but  a glacial  vinegar  of  the  ftrength  of  between  46 
and  50  degrees  may  be  procured  from  a merely  exficcated  foda  acetata. 

For  the  produdlion  of  glacial  vinegar,  by  means  of  the  fuperfaturated  vitriolated 
Tartar,  not  only  the  acetated  mineral  alkali,  but  alfo  well  dried  acetated  calcareous 
earth  may  be  employed. 

How  much  preferable  this  laft  procefs,  with  vitriolated  tartar  faturated  with  an 
excefs  of  acid,  is  to  the  other,  in  which  glacial  vinegar  is  prepared  from  Mr. 
Weftendorf’s  vinegar,  will  appear  from  a comparative  ftatement  of  the  following 
particulars  : 

1.  In  the  direct  reparation  by  means  of  oil  of  vitriol,  we  are  reftrained  from 
adding  to  the  acetated  fait  as  much  of  the  vitriolic  acid  as  is  neceflary  for  the  ex- 
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pulfion  of  all  the  vinegar  contained  in  the  acetated  foda,  left  the  required  acetous 
acid  fhould  be  too  much  debafed  by  vitriolic  or  fulphureous  acid  : whereas,  in 
the  reparation  by  means  of  the  fuperfaturated  vitriolated  tartar,  no  harm  at  all 
can  arife  from  adding  an  excefs  of  the  vitriolated  fait,  for  the  purpofe  of  diflodg- 
ing  the  whole  of  the  vinegar  contained  in  the  acetated  fait ; for  the  fuperfluous 
portion  of  vitriolic  acid,  combined  with  the  alkali,  adheres  to  it  too  ftrongly, 
and  is  too  fixed  in  the  fire,  to  be  difengaged,  and  raifed  up  by  that  gentle  degree 
of  heat  which  is  fufficient  for  the  feparation  of  the  acetous  acid. 

2.  In  the  affufion  of  a very  concentrated  oil  of  vitriol  upon  the  thoroughly  dried 
acetated  fait,  we  are  far  from  being  able  to  make  the  vitriolic  acid  penetrate  the 
fait  in  an  equal  manner,  which,  however,  is  a matter  of  great  confequence  : 
whereas,  in  the  trituration  of  the  acetated  fait  with  the  fuperfaturated  vitriolated 
tartar  of  Mr.  Lowitz,  the  moft  equal  commixture  of  both  falts  is  readily  effected. 

3.  During  the  affufion  (though  it  be  performed  with  the  greateft  caution)  of 
highly  concentrated  oil  of  vitriol,  a great  heat  is  excited,  whereby  fome  of  the 
vinegar  is  inftantly  confumed,  a volatile  fulphureous  acid  is  produced,  and  part 
of  the  acetous  acid  is  diffipated  and  loft  in  the  form  of  vapour.  But  nothing  of 
this  kind  takes  place  in  Mr.  Lowitz’s  laft  invented  method  : for  there  the  falts 
do  not  begin  to  adt  reciprocally  upon  each  other  till  the  fire  is  applied. 

4.  The  vinegar  prepared  according  to  Mr.  Weftendorf’s  method,  always  con- 
tains an  admixture  of  vitriolic  acid ; which,  however,  for  the  reafon  already 
affigned,  is  by  no  means  the  cafe  with  the  glacial  vinegar  of  Mr.  Lowitz,  pro- 
vided the  management  of  the  fire  is  properly  attended  to. 

5.  Twenty-four  ounces  of  acetated  foda,  treated  with  oil  of  vitriol,  give  only 
12  ounces  of  a barely  cryftallizable  vinegar,  of  the  ftrength  of  32  degrees,  from 
which,  at  moft,  only  fix  ounces  of  glacial  vinegar  can  be  procured.  On  the 
other  hand,  the  fame  quantity  of  acetated  foda  (previoufly  fufed)_  treated  with 
*he  fuperfaturated  vitriolated  tartar,  yields  nearly  16  ounces  of  glacial  vinegar,  of 
the  ftrength  of  54  degrees. 

6.  Glacial  vinegar  cannot  be  obtained  from  Mr.  Weftendorf’s  vinegar,  except 
in  winter,  and  by  expofure  to  a very  intenfe  cold  : but  in  the  laft  defcribed 
method  of  Mr.  Lowitz,  an  exceedingly  ftrong  glacial  vinegar  may  be  immedi- 
ately prepared  at  any  time. 

7.  The  fuperfaturated  vitriolated  tartar  may  be  prepared  from  various  phar- 
maceutical refidua  ; for  inftance,  from  the  vitriolated  tartar  which  remains  after 
the  purification  of  pot-afheS,  and  the  refiduum  from  the  liquor  anodynus ; and 
even  the  refiduum,  after  the  preparation  of  glacial  vinegar  by  means  of  fuper- 
faturated vitriojated  tartar,  may,  when  the  Glauber’s  fait  which  is  produced  is 
feparated  from  it,  be  made  to  ferve  again,  on  the  addition  of  frefh  oil  of  vitriol, 
for  another  fimilar  procefs. 

A weak  glacial  vinegar  may  be  concentrated  in  the  following  eafy  and  at  the 
fame  time  entertaining  manner  : 

Place  the  bottle  containing  the  fluid  glacial  vinegar,  which  is  to  be  concen- 
trated, up  to  its  neck  in  a veflel  full  of  ice  and  water  : in  another  quantity  of  pre- 
vioufly concentrated  glacial  vinegar,  furrounded  in  like  manner  with  ice,  dip 
a thin  cotton-twift  or  wick;  as  loon  as  fome  cryftals  are  perceived  to  have 
attached  themfelves  to  the  wick,  apply  the  fame  to  the  furface  of  the  glacial 
vinegar,  which  is  to  be  concentrated,  and  it  will  be  feen  to  fhoot  into  confider- 
ably  large  cryftals.  In  the  courfe  of  an  hour  or  two/  let  the  weaker  part  which 
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frill  remains  fluid,  be  poured  off,  into  another  bottle,  from  the  concentrated 
and  cryftallized  glacial  vinegar. 

In  winter  this  concentration  of  the  glacial  vinegar  may  be  effe&ed  in  the  fol- 
lowing ftill  more  fimple  manner : 

Pour  the  glacial  vinegar,  which  is  to  be  concentrated,  into  a glafs  bottle  or 
jar  with  four  fides ; cryftallize  the  vinegar  by  placing  it  in  fnow,  or  by  expofure, 
in  any  other  way,  to  cold  ; and  then  place  it  in  a warm  room,  before  the  window 
(where,  however,  the  rays  of  the  fun  are  prevented  from  entering),  in  fuch  a 
manner  that  one  fide  of  the  bottle  may  come  into  clofe  contadt  with  the  cold 
pane  of  the  window.  In  the  courfe  of  ten  or  twelve  hours,  the  ftrongeft  part 
of  the  acid  will  arrange  itfelf,  in  clufters  of  cryftals,  all  along  that  fide  of  the 
bottle  which  touches  the  pane  of  the  window,  whilft  on  the  other  fide  of  the 
bottle  which  faces  the  room,  the  much  weaker  portion  of  the  vinegar  is  found  in 
a perfe&ly  fluid  ftate  ; fo  that  all  that  remains  to  be  done,  is  to  pour  off  this  fluid 
part  into  another  bottle. 

From  the  weaker  portion  that  is  feparated  In  the  concentration  of  the  glacial 
vinegar,  more  glacial  vinegar  may  yet  be  obtained,  by  expofure  to  cold,  and 
more  efpecially  by  means  of  the  before-defcribed  procefs  with  the  cotton  wick  : 
and  even  the  ftill  weaker  mother  ley,  which  remains  at  laft,  may  very  eafily  be 
brought  to  cryftallize  afrefh,  by  the  help  of  a gentle  diftillation. 

Decifive  experiments,  and  thofe  frequently  repeated,  convinced  Mr.  Lowitz, 
that  the  54th  degree  is  the  higheft  pitch  of  concentration  to  which  glacial  vinegar 
is  capable  of  being  brought.  Notwithftanding  all  the  pains  he  took,  he  never 
was  able  either  by  diftillation,  or  by  any  of  the  other  concentrating  methods 
already  mentioned,  to  pufh  the  concentration  of  glacial  vinegar  even  a fingle 
degree  farther ; on  the  contrary,  the  vinegar  was  rendered  weaker  by  fome 
degrees  in  all  fuch  attempts. 

The  reafon  of  this  feems  to  be,  that  the  acetous  acid,  like  fome  of  the  mineral 
acids,  when  ftill  further  dephlegmated,  or  deprived  of  its  watery  parts,  is  no 
longer  capable  of  remaining  in  a condenfed  ftate,  but  probably  aflumes  an 
aerial  or  gafeous  form  ; otherwife,  in  the  further  abftradtion  of  its  watery  parts, 
how  could  there  be  fuch  a conftant  diminution  of  its  ftrength,  evidently  owing  to 
a lofs  of  acid  ? 

Upon  this  principle  we  can  eafily  account  for  the  extraordinary  quantity  of 
air  bubbles,  which  are  produced  as  often  as  the  glacial  vinegar  paffes  from  the 
fluid  to  the  folid  cryftallized  ftate.  The  white  appearance  of  the  cryftals  depends 
on  the  fame  caufe. 

Hence,  too,  we  fee  the  impoffibility  of  having  a glacial  vinegar,  which  (hall 
retain  its  folid  cryftallized  form  during  fummer,  unlefs  it  be  kept  in  a place 
where  the  warmth  never  exceeds,  at  moft,  126  degrees.  Thus,  for  example,  in 
a cellar  whofe  temperature  remains  conftantly  at  13 1 degrees,  fummer  and  winter, 
a -ftrong  glacial  vinegar  would  never  become  fluid ; but  if  the  fame  vinegar 
fhould  be  brought  into  this  cellar  in  a perfectly  liquefied  ftate,  it  would  never 
cryftallize  there,  on  account  of  the  difference  between  the  temperature  required 
for  the  cryftallization,  and  that  which  is  neceffary  for  the  liquefa&ion  of  glacial 
vinegar. 

By  very  accurate  experiments  Mr.  Lowitz  found,  that  the  leaft  cold  which 
fuffices,  without  the  application  of  ice  or  fnow,  for  the  cryftallization  of 
a perfectly  fluid  glacial  vinegar  of  the  ftrength  of  54  degrees,  is  that  of 
132  degrees.  All  that  is  needful'is,  after  letting  the  glacial  vinegar  (land 
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fame  time  in  water  of  the  above-mentioned  temperature,  to  open  the  bottle,  and 
{bake  it  a little  fo  that  the  external  air  may  enter,  and  have  free  accefs  to  the 
vinegar. 

Laftly,  we  may  at  all  times  obtain  glacial  vinegar  in  a cryftallized  form,  by 
means 'of  an  artificial  cold;  viz.  Pour  the  vinegar  into  a thin  (lender  bottle, 
wrap  round  this  fome  rag  moiftened  with  a little  rectified  vitriolic  asther,  and 
whirl  it  about  brifkly  in  the  air. 

It  is  a circumftance  worthy  of  notice,  that  the  weakeft  glacial  vinegar,  in  re- 
fpedt  to  the  quantity  of  alkali  neceflary  to  its  faturation,  is  ftronger  than  the 
ftrongeft  fmoking  fpirit  of  nitre.  On  this  teft  however  fee  Attraction,  p.  164. 

V1RGULA  DIVIN  ATORIA.  See  Rod,  Divining. 

VITAL  AIR.  See  Air,  Vital. 

VITRIFICATION.  See  Glass,  alfo  Silex. 

VITRIOL.  The  faline  combination  of  copper  with  the  vitriolic  acid  is 
called  blue  vitriol,  in  commerce.  Vitriolic  acid  and  iron  form  green  vitriol,  or 
the  green  copperas  of  the  (hops.  Vitriol  of  zinc  is  called  white  copperas.  The 
loofenefs  and  inaccuracy  of  thefe  denominations  are  evident.  Some  chemiils 
have  endeavoured  to  generalize  the  term  vitriol,  by  applying  it  to  all  combina- 
tions containing  vitriolic  acid.  Thus  they  would  fay,  vitriol  of  iron,  or  of  copper, 
or  of  lime  ; but  this  method  has  never  been  generally  adopted.  It  is  ufuai 
however  to  call  all  the  metallic  falts  vitriols,  which  contain  vitriolic  acid.  See 
Acid,  Vitriolic  ; Sulphur  ; Pyrites,  apd  the  feveral  Metals. 

VITRIOLIC  ACID.  See  Acid,  Vitriolic. 

VOLATILE  ALKALI.  See  Alkali,  Volatile. 

VOLATILITY.  That  property  of  bodies  by  which  they  are  difpofed  to 
aflume  the  vaporous  or  elaftic  (late,  and  quit  the  vefiels  in  which  they  are  placed. 
In  many  inftancesof  chemical  operation,  the  moft  fimple  fubflances  are  found  to 
be  the  molt  volatile,  and  many  principles  are  rendered  more  fixed  by  combina- 
tion. This  is  the  moft  general  obfervation ; but  there  are  a number  of  inftances 
in  which  volatility  follows  from  combination,  though  for  the  moft  part  lefs  in 
degree  than  was  poflefled  before  by  the  more  volatile  of  the  matters  fo  combined. 
Of  all  fubftances  known  the  earths  are  the  leaft  volatile,  next  to  thefe  are  fome  of 
the  metals,  and  thefe  are  followed  by  the  fixed  alkalis  and  a few  of  the  acids. 
All  other  bodies  pofiefs  confiderable  volatility. 

VOLCANOS  *.  The  combuftion  of  thofe  enormous  mafifes  of  bitumen  which 
are  depofited  in  the  bowels  of  the  earth,  produces  volcanos.  They  owe  their 
origin  more  efpecially  to  the  ftrata  of  pyritous  coal.  The  decompofmon  or 
adtion  of  water  upon  the  pyrites  determines  the  heat,  and  the  produdlion  of  a 
great  quantity  of  inflammable  air,  which  exerts  itfelf  againft  the  .furrounding 
obftacles,  .and  at  length  breaks  them.  This  effedt  appears  to  be  the  chief  caufe 
x)f  earthquakes  ; but  when  the  concourfe  of  air  facilitates  the  combuftion  of  the 
bitumen  and  the  inflammable  air,  the  flame  is  feen  to  iflue  out  of  the  chimneys 
or  vents  which  are  made : and  this  occafions  the  fire  of  volcanos. 

There  are  many  volcanos  ftill  in  an  adtive  ftate  on  our  globe,  independent  of 
thofe  of  Italy,  which  are  the  moft  known.  The  Abbe  Chappe  has  deferibed 
three  burning  in  Siberia.  Anderfon  and  Von  Troil  have  deferibed  thofe  of 
Iceland.  Afiaand  Africa  contain  feveral : and  we  find  the  remains  of  thefe  fires 
or  volcanic  produdts  in  all  parts  of  the  globe. 
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Naturalifts  inform  ns  that  all  the  fouthern  Hands  have  been  volcanized  ; and 
they  are  feen  daily  to  be  formed  by  the  a&ion  of  thefe  fubterraneous  fires.  The 
black  colour  of  the  ftones,  their  fpungy  texture,  the  other  produ&s  of  fire,  and  the 
identity  of  thefe  fubftances  with  thofe  of  the  volcanos  at  prefen t burning,  are  all 
in  favour  of  the  opinion  that  their  origin  was  the  fame. 

When  the  decompofition  of  the  pyrites  is  advanced,  and  the  vapours  and  elaflic 
fluids  can  no  longer  be  contained  in  the  bowels  of  the  earth,  the  ground  is  fhaken, 
and  exhibits  the  phenomena  of  earthquakes.  Mephitic  vapours  are  multiplied 
on  the  furface  of  the  ground,  and  dreadful  hollow  noifes  are  heard.  In  Iceland, 
the  rivers  and  fprings  are  fwallowed  up  ; a thick  frnoke  mixed  with  fparks  and 
lightning  is  then  difengaged  from  the  crater;  and  naturalifts  have  obferved  that, 
when  the  frnoke  of  Vefuvius  takes  the  form  of  a pine,  the  eruption  is  near  ac 
hand. 

To  thefe  preludes,  which  fhevv  the  internal  agitation  to  be  great,  and  that 
obftacles  oppofe  the  iffue  of  the  volcanic  matters,  fucceeds  an  eruption  of  ftones 
and  other  products,  which  the  lava  drives  before  it ; and  Iaftly,  appears  a river  of 
lava,  which  flows  out,  and  fpreads  itfelf  down  the  fide  of  the  mountain.  At  this 
period  the  calm  is  reftored  in  the  bowels  of  the  earth,  and  the  eruption  conti- 
nues without  earthquakes.  The  violent  efforts  of  the  included  matter  fometimes 
caufe  the  fides  of  the  mountain  to  open  ; and  this  is  the  caufe  which  has  fucceff- 
fively  formed  the  fmaller  mountains  which  furround  volcanos.  Montenuevo* 
which  is  a hundred  and  eighty  feet  high,  and  three  thoufand  in  breadth,  was 
formed  in  a night. 

This  crifis  is  fometimes  fucceeded  by  an  eruption  of  afhes  which  darken  the. 
air.  Thefe  afhes  are  the  laft  refult  of  the  alteration  of  the  coals ; and  the  matter 
which  is  firft  thrown  out  is  that  which  the  heat  has  half  vitrified.  In  the  year 
1767,  the  afhes  of  Vefuvius  were  carried  twenty  leagues  out  to  fea,  and  theftreets 
of  Naples  were  covered  with  them.  The  report  of  Dion,  concerning  the  erup- 
tion of  Vefuvius  in  the  reign  of  Titus,  wherein  the  afhes  were  carried  into 
Africa,  Egypt,  and  Syria,  leems  to  be  fabulous.  Mr.  de  Sauffure  obferves 
that  the  foil  of  Rome  is  of  this  character,  and  that  the  famous  catacombs  are  all 
made  in  the  volcanic  allies. 

It  muft  be  admitted,  however,  that  the  force  with  which  all  thefe  produffs  are 
thrown  is  aftonifhing.  In  the  year  1769,  a ftone  twelve  feet  high  and  four  in 
circumference,  was  thrown  to  the  diffance  of  a quarter  of  a mile  from  the  crater  : 
and  in  the  year  1771,  Sir  William  Hamilton  obferved  ftones  of  an  enormous 
fize,  which  employed  eleven  feconds  in  falling.  This  indicates  an  elevation  of 
near  two  thoufand  feet. 

The  eruption  of  volcanos  is  frequently  aqueous  : the  water,  which  is  confined,  . 
and  favours  the  decompofition  of  the  pyrites,  is  fometimes  ftrongly  thrown  out. 
Sea  fait  is  found  among  the  ejected  matter,  and  likewife  fal  ammoniac.  In  the 
year  1630,  a torrent  of  boiling  water,  mixed  with  lava,  deftroyed  Portici  and 
Torre  del  Greco.  Hamilton  faw  boiling  water  ejecfted.  The  fprings  of  boiling 
water  in  Iceland,  and  all  tiro  hot  fprings  which  abound  at  the  fuiface  of  the  globe, 
owe  their  heat  only  to  the  decompofition  of  pyrites. 

Some  eruptions  are  of  a muddy  fubftance;  and  thefe  form  the  tufa,  and  the 
puzzolano.  The  eruption  which  buried  Herculaneum  is  of  this  kind.  Hamil- 
ton found  an  antique  head,  whofeimpreflion  was  well  enough  preferved  to  anfvver 
the  purpofe  of  a mould.  Herculaneum  at  the  leaft  depth  is  feventy  feet  under 
the  furface  of  the  ground,  and  often  at  one  hundred  and  twenty. . 
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The  puzzolnno  is  of  various  colours.  It  is  ufually  reddifh  ; fometimes  grey, 
white,  or  green  : it  frequently  confifts  of  pumice  (tone  in  powder ; but  fome- 
rimes  it  is  formed  of  calcined  clay.  One  hundred  parts  of  red  puzzolano 
afforded  Bergman,  flex  55,  alumine  20,  lime  5,  iron  2©. 

When  the  lava  is  once  thrown  out  of  the  crater,  it  rolls  in’  large  rivers, down 
the  fide  of  the  mountain  to  a certain  diftance,  which  forms  the  currents  of  lava, 
the  volcanic  caufeways,  &c.  The  furface  of  the  lava  cools,  and  forms  a folid 
crufiy  under  which  the  liquid  lava  flows.  After  the  eruption,  this  cruft  fome- 
times remains,  and  forms  hollow  galleries,  which  Meffrs.  Hamilton  and  Ferber 
have  vifited  : it  is  in  thefe  hollow  places  that  the  fal  ammoniac,  the  marine  fait, 
and  other  fubftances,  fublime.  A lava  may  be  turned  out  of  its  courfe  by 
oppofing  banks  or  dykes  againft  it  : this  was  done  in  .1669,  to  fave  Catania  ; and 
Sir  William  Hamilton  propofed  it  to  the  king  of  Naples  to  preferve  Portici. 

The  currents  of  lava  fometimes  remain  feveral  years  in  cooling.  Sir  William 
Hamilton  obferved,  in  1769,  that  the  lava  which  flowed  in  1766  was  (till  fmok- 
ing  in  fome  places. 

When  the  current  of  lava  is  received  by  water,  its  cooling  is  quicker  ; and  the 
mafs  of  lava  (brinks  fo  as  to  become  divided  into  thofe. columns  which  are  called 
bafaltes.  The  famous  Giant’s  Caufeway  is  the  moft  aftonilhing  effedt  of  this 
kind  which  we  are  acquainted  with.  It  exhibits  thirty  thoufand  columns  in 
front,  and  is  two  leagues  in  length  along  the  fea  ccaft.  Thefe  columns  are 
between  fifteen  and  fixteen  inches  in  diameter,  and  from  twenty-five  to  thirty 
feet  long. 

The  bafaltes  are  divided  into  columns  of  four,  five,  fix,  and  feven  fides. 
The  emperor  Vefpafian  made  an  entire  ftatue,  with  fixteen  children,  out  of  a 
Angle  column  of  bafaltes,  which  he  dedicated  to  the  Nile,  in  the  Temple  of 
Peace. 

Bafaltes  afforded  Bergman,  per  quintal,  filex  56,  alumine  15,  lime  4,  iron  25. 

Lava  is  fometimes  (welled  up  and  porous.  The  lighted:  is  called  pumice- 
ftone. 

The  fubftances  thrown  out  by  volcanos  are  not  altered  by  fire.  They  ejedt 
native  fubftances,  fuch  as  quartz,  cryftals  of  amethyft,  agate,  gypfum,  amianthus, 
felt-fpar,  mica,  (hells,  fchorl,  &c. 

The  fire  of  volcanos  is  feldom  ftrong  enough  to  vitrify  the  matters  it  throws 
out.  We  know  only  of  the  yellowifh  capillary  and  flexible  glafs  thrown  out  by 
the  volcanos  of  the  ifland  of  Bourbon,  on  the  14th  of  May  1766  (M.  Com- 
merfon),  and  the  lapis  garllinaceus  ejedfed  by  Hecla.  Mr.  Egolfrigoufon, 
who  is  employed  by  the  obfervatory  at  Copenhagen,  has  fettled  in  Iceland,  where 
he  ufes  a mirror  of  a telefcope  which  he  has  made  out  of  the  black  agate  of 
Iceland. 

The  flow  operation  of  time  decompofes  lavas,  .and  their  remains  are  very 
proper  for  vegetation.  The  fertile  ifland  of  Sicily  has  been  every  where  volca- 
nized.  Chaptal  obferved  feveral  ancient  volcanos  at  prefent  cultivated  ; and  the 
line  which  feparates  the  other  earths  from  the  volcanic  earth,  conftitutes  the  limit 
of  vegetation.  The  ground  over  the  ruins  of  Pompeia  is  highly  cultivated. 
Sir  William  Hamilton  confiders  fubterranean  fires  as  the  great  vehicle  ufed  by 
nature,  to  extradt  virgin  earth  out  of  the  bowels  of  the  globe,  and  repair  the 
exhaufted  furface. 

The  decompofition  of  lava  is  very  flow.  Strata  of  vegetable  earth,  and-  pure 
lava,  are  occasionally  found  applied  one  over  the  other;  which  denote  eruptions 
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made  at  diftances  of  time  very  remote  from  each  other,  fince  it  requires  nearly 
two  thoufand  years,  before  lava  receives  the  plough.  An  argument  has  been 
drawn  from  this  phenomenon  to  prove  the  antiquity  of  the  globe  : but  the 
fiience  of  the  mod;  ancient  authors  concerning  the  volcanos  of  the  kingdom  of 
France,  of  which  we  find  fuch  frequent  traces,  proves  that  thefe  volcanos  have 
been  extinguifhed  from  time  immemorial  ; a circumftance  which  carries  their 
exifterice  to  a Very  diftant  period.  Befides  this,  feveral  thoufand  years  of  con- 
neded  obfervations  have  not  afforded  any  remarkable  change  in  Vefuvius  or 
Etna,*  neverthelefs  thefe  enormous  mountains  are  all  volcanized,  and  confe- 
quently  formed  of  flrata  applied  one  upon  the  other.  The  prodigy  becomes 
mu’ch  more  ftriking,  when  we  obferve  that  all  the  furrounding  country,  to  very 
great  dilfances,  has  been  thrown  out  of  the  bowels  of  the  earth. 

The  height  of  Vefuvius  above  the  level  of  the  fea,  is  three  thoufand  fix  hundred 
and  fifty-nine  feet  ; its  circumference,  thirty-four  thoufand  four  hundred  and 
forty-four.  The  height  of  Etna  is  ten  thoufand  and  thirty-fix  feet ; and  its 
circumference  one  hundred  and  eighty  thoufand. 

The  various  volcanic  products  are  applicable  to  feveral  ufes. 

1.  The  puzzolano  is  of  admirable  ufe  for  building  in  the  water  : when 
mixed  with  lime  it  fpeedily  fixes  itfelf ; and  water  does  not  foften  it,  for  it 
becomes  continually  harder  and  harder.  Chaptal  has  proved  that  calcined 
ochres  afford  the  fame  advantage  for  this  purpofe  j they  are  made  into  balls,  and 
baked  in  a potter’s  furnace  in  the  ufual  manner.  The  experiments  made  at 
Sette,  by  the  commiffary  of  the  province,  prove  that  they  may  be  fubftituted 
with  the  greateft  advantage  inftead  of  the  puzzolano  of  Italy. 

2.  Lava  is  likewife  fufceptible  of  vitrification  j and  in  this  ftate  it  may  be 
blown  into  opake  bottles  of  the  greateft  lightnefs,  which  Chaptal  fays  he  has 
done  at  Erepian  and  at  Alais.  The  very  hard  lava,  mixed  in  equal  parts  with 
wood-afhes  and  foda,  produced,  fays  he,  an  excellent  green  glafs.  The  bottles 
made  of  it  were  only  half  the  weight  of  common  bottles,  and  much  ftronger  ; as 
Was  proved  by  Chaptal’s  experiments,  and  thofe  which  Mr.  Joly  de  Flqury 
ordered  to  be  made  under  his  adminiftration. 

3.  Pumice-ftone  likewife  has  its  ufes  j it  is  more  efpecially  ufed  to  polifh  moft 
bodies  which  are  fomewhat  hard.  It  is  employed  in  the  mafs  or  in  powder, 
according  to  the  intended  purpofe.  Sometimes,  after  levigation,  it  is  mixed 
with  water  to  render  it  fofter. 


U L T U L T 

ULTRAMARINE.  A blue  colour,  made  from  lapis  lazyli.  The 
manipulations  for  making  it  are  varioufly  deferibed  by  authors,  and 
confift  in  pulverizing  the  ftone  very  finely,  by  ignition,  quenching  it  in  water, 
and  fubfequent  levigation.  This  powder  is  then  carefully  ftirred  by  fmall  por- 
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?ions  at  a time  into  a mafs  of  refinous  compofition,  from  which  it  is  again  ex- 
traded  by  wafhing  and  kneading  in  hot  water.  Some  artids  ufe  the  mere 
powder  of  lapis  lazuli  without  any  fubfequent  management. 

I find  it  difficult  to  form  an  opinion  as  to  what  happens  in  this  procefs, 
which  feems  to  be  merely  of  a mechanical  nature.  Whether  it  differs  at  all 
from  fimple  elutriation  and  fubfidence,  by  which  the  finer  parts  of  powders  are 
feparated  from  their  coarfer  parts  j and  if  fo,  in  what  refped,are  quedions  which 
demand  the  tell  of  experiment.  What  may  be  the  ufe  of  the  refinous  com- 
pound ? Do  the  parts  of  the  fined  colour  adhere  lefs  forcibly  to  the  refin, 
and  are  therefore  wafhed  out  firft  ? It  feems  hardly  probable,  more  efpecially 
if,  as  Nen  * informs  us,  the  fame  procefs  majr  be  applied  to  blue  enamel,  by 
which  I fuppofe  he  means  glafs  tinged  with  cobalt. 

Kunckel  -f-  defcribes  a procefs  which  he  fays  was  fuccefsful  in  his  hands ; and 
though  upon  perufal  it  feems  capable  of  being  much  Amplified,  I fhall  give 
it  unaltered  in  this  place,  becaufe  at  lead  as  fimple  as  any  of  the  other  receipts. 

Lapis  lazuli  was  reduced  to  pieces  about  the  fize  of  peas,  then  ignited  and 
extinguilhed  in  ftronger  vinegar.  The  author  fays,  diftilled  vinegar  is  prefer- 
able. The  ftone  was  in  the  next  place  triturated  with  vinegar  to  an  impal- 
pable powder.  This  is  faid  to  be  the  mod;  important  part  of  the  operation.  Of 
a compofition  of  equal  parts  very  pure  virgin  wax  and  colophony,  a quantity 
W'as  taken  of  the  fame  weight  as  that  of  the  powdered  done.  This  was  melted 
in  a glazed  earthen  plate,  and  the  powder  was  added  by  a little  at  a time,  and 
well  dirred  in.  The  mafs  was  then  poured  into  cold  water  and  left  for  eight 
days,  at  the  end  of  which,  two  veffels  of  glafs  were  filled  with  water  fo  hot  as 
barely  to  differ  the  hand  to  be  plunged  in  it.  A piece  of  the  compofition  was 
then  kneaded  under  water  till  it  was  fuppofed  that  the  fined  part  of  the  colour 
was  extradfed.  The  mafs  was  then  transferred  to  the  other  water,  and  afforded 
a paler  and  lefs  Valuable  blue  than  the  fird.  The  waters  were  left  at  red  for 
four  days  and  then  decanted  off,  and  the  powder  carefully  collected.  The 
quantity  of  the  bed  blue  is  very  fmall ; but  the  fame  mafs,  by  kneading  in 
different  waters,  efpecially  when  the  quantity  operated  upon  is  large,  affords 
three  or  four  different  kinds.  Cleanlinefs  of  the  hands,  and  of  all  the  veffels 
and  materials  made  ufe  of,  is  of  the  utmod  confequence  in  the  manufacture.. 

UMBER.  A brown  ocbreous  earth  ufed  as  a pigment.  It  acquires  a reddifh, 
colour  when  flightly  heated,  but  in  a dronger  heat,  becomes  again  brown* 
^nd  magnetic,  and  in  a dill  dronger  is  fufed  into  a black  glafs.  It  does  not 
effervefce  with  acids  before  roading,  but  after  that  procefs  the  iron  it.  contains 
is  foluble. 

Kirwan  alfo  mentions  under  this  name,  in  his  Argillaceous  Genus-,  a brown 
or  blackifh  fubdance  which  dains  the  fingers,  and  is  very  light.  This  was 
long  fuppofed  to  be  a clay,  but  M.  Hupfch,  in  the  Berlin  Memoirs  for  1777,. 
ibew-s  that' it  eonfids  of  particles  of  decayed,  wood  mixed  with  bitumen. 

UNION.  This  word  is  often  ufed  by  chemids  to  denote  the  combination 
of  principles,  or  rather  their  co-exidence  in  any  compound.  Thus  it  is  faid 
that  the  parts  of  a mere  mixture  are  united  mechanically ; but  in  an  adtual 
combination  they  are  faid  to  be  chemically  united. 

URANITE,  o-r  URANIUM.  A new  metallic  fubdance  difcowered  by 
the  celebrated  Klaproth  in  the  mineral  called  Pech  blende ; which  fee. 


• L’Avt  de  la  Verrcrie,  239; 
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XJRINE.  This  excrementitious  fluid,  in  its  natural  ftate,  is  tranfparent,  of 
m yellow  colour,  a peculiar  fmell  and  faline  tafte.  Its  production  as  to  quantity, 
and  in  fome  meafure  quality,  depends  on  the  feafons  and  the  peculiar  confti- 
tution  of  the  individual.  It  is  obferved,  that  perfpiration  carries  off  more  or 
lefs  of  the  fluid,  which  would  elfe  have  pafied  off  by  urine;  fo  that  the  pro- 
fuflon  of  the  former  is  attended  with  a diminution  of  the  latter. 

From  the  alkaline  fmell  of  urine  kept  for  a certain  time,  and  other  circuna- 
fiances,  it  was  formerly  fuppofed  to  be  an  alkaline  fluid ; but  Berthollet  has 
fhewn  that  it  contains  an  excefs  of  phofphoric  acid.  He  found  like  wife  that 
the  urine  of  gouty  patients  contains  a lefs  quantity  of  this  excefs ; whence  he 
rationally  conjectures  that  the  acid  retained  in  the  blood,  and  conveyed  through 
the  fyflem,  mull  produce  irritation,  pain,  and  other  bad  confequences. 

Many  chemifts  have  analyfed  urine  by  diftillation.  Much  phlegm  comes 
firft  over,  which  fpeedily  putrefies  ; and  this  affords  volatile  alkali,  though  it 
Ihews  no  figns  of  that  principle  in  its  frefh  ftate.  At  the  fame  time  a fubftance 
of  an  earthy  appearance  falls  down  from  the  urine,  which  confifts  of  phofphor 
rated  lime,  with  the  acid  of  the  {tone  of  the  bladder.  Salts  of  urine  arc 
feparable  by  evaporation  and  cooling,  which  is  the  ufual  method,  as  the 
phlegm  is  of  no  value.  They  confift,  for  the  moft  part,  of  two  falts ; the  one 
formed  of  phofphoric  acid  and  mineral  alkali,  and  the  other  of  the  fame  acid 
with  volatile  alkali.  Befides  thefe  falts,  and  the  phofphorated  lime  which  ap- 
pears to  be  fufpended  by  virtue  of  the  excefs  of  acid,  urine  contains  the  com- 
mon fait  taken  with  our  food,  and  a portion  of  fuch  other  faline  matters  as 
may  occafionally  have  been  taken. 

The  falts  obtained  by  evaporation  and  cryftallization  from  urine,  are 'clogged 
with  a thick  mucilaginous  matter,  of  which  they  may  be  deprived  by  folutions 
in  water  and  evaporation.  In  thefe  proceffes,  however,  it  is  obferved,  that  the 
produCt  of  cryftals  is  greatly  diminifhed  if  the  folution,  filtration,  and  cooling, 
be  prepared  in  open  veffels.  A clofe  apparatus  of  tin  may  be  ufed  for  this 
purpofe.  Two  ftrata  of  fait  are  then  obtained,  the  upper  of  which  has  the 
form  of  fquare  tables,  and  is  phofphorated  mineral  alkali ; and  beneath  this 
lies  another  fait  cryftallized  in  regular  tetrahedral  prifms,  which  is  phofphorated 
volatile  alkali.  Bergman  feems,  in  his  blow-pipe  experiments,  to  have  ufed 
thefe  falts  under  the  denomination  of  microcofmic  fait,  in  the  proportion  they 
are  obtained  together  from  urine.  It  is  probable  that  after  all  the  modern  dif- 
coveries  relative  to  Phosphorus,  and  the  Acid  of  Phosphorus,  moft  chemifts 
will  prefer  making  them  by  direCt  combination  of  the  acid  and  alkalis  refpeCtively, 
or  by  the  procefs  of  M.  Giobert,  inftead  of  the  lefs  eafy  and  unpleafant  method 
{here  mentioned. 

The  mucilaginous  refidue,  or  mother  water  of  urine  after  the  cryftallization 
of  falts,  is  partly  foluble  in  ardent  fpirit.  This  portion,  which  appears  to  poffefs 
the  faponaceous  .ftate,  is  fufceptible  of  cryftallization,  but  is  deliquefcent. 
By  deftruCtive  diftillation  it  affords  upwards  of  half  its  weight  of  mild  volatile 
alkali,  a little  oil,  and  fome  fal  ammoniac.  Its  refidue  reddens  fyrup  of 
violets'.  Scheele  has.  difcovered  that  the  volatile  alkali  in  this  matter  is  com- 
bined with  acid  of  benzoin,  which  feparates  when  vitriolic  or  marine  acid  is 
added  to  the  aqueous  folution.  Crell’s  Journal,  Englifh,  ii.  19. 

Water  takes  up  an  extraClive  matter  from  the  mother  water  of  urine.  This 
is  not  foluble  in  ardent  fpirit,  is  eafily  dried,  and  very  little  difpofed  to  attract 
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moifture,  Its,produ&s  by  diftiilation  are  the  fame  as  thofe  of  animal  matters 
in  common. 

The  urine  ufually  fpoken  of  by  chemifts  is  that  which  has  pafled  the  pro- 
cefs  of  digeftion.  The  clear  urine  which  paffes  off  immediately  after  meals,  is 
diftinguifhed  by  the  name  of  crude  urine,  and  contains  a very  fmall  portion  either 
of  faline  or  extradive  matter.  It  is  thought  from  various  circumftances,  par- 
ticularly its  fpeedy  palfage,  to  be  tranfmitted  by  filtration  from  the  ftomach 
and  inte&ines,  through  the  cellular  membranes  diredly  to  the  bladder. 

The  fpontaneods  change  or  putrefadion  of  urine  is  attended  with  diftind  phe- 
nomena, which  have  been  enumerated  and  defcribed  by  Mr.  Halle,  in  the 
Memoirs  of  the  Society  of  Medicine  at  Paris,  for  1779.  The  colouring  matter 
fubfides,  volatile  alkali  flies  off,  and  the  predominating  acid  is  in  fome  inftances 
greatly  increafed.  The  alkaline  fmell  is  fucceeded  in  courfe  of  time  by  another 
much  more  naufeous.  Various  depofitions  are  thrown  down,  and  cryftals  fepa- 
rated,  which  it  does  not  appear  from  Fourcroy,  whofe  Elements  I follow  in  this 
reference,  that  M.  Halle  examined  chemically.  - 

Quicklime  and  the  alkalis  decompofe  the  falts  of  urine;  and  the  difengaged 
volatile  alkali  flying  off  in  an  impure  ftate,  inftantly  exhibits  a flrong  unpleafant 
fmell.  Volatile  alkali  added  to  frefli  urine  faturates  the  excefs  of  acid,  and 
by  that  means  caufes  the' phofphoric  fait  of  lime,  which  was  materially  fuf- 
pended  by  that  excefs,  to  fall  down.  Hence,  as  Berthollet  remarks,  the  quantity 
of  difengaged  acid,  or  its  proportions,  may  be  afcertained  from  the  weights  of 
the  precipitates  thrown  down. 

Acids  produce  no  obvious  change  in  frefh  urine  ; but  they  fpeedily  deprive 
putrid  urine,  or  its  fediment,  of  their  fmell.  There  is  little  doubt  but  they  do 
this  by  neutralizing  the  volatile  alkali. 

Many  metallic  folutions  are  decompofed  in  the;  way  of  double  affinity  by 
urine  ; the  folvent  of  the  metal  feizing  the  alkalis  of  the  urinous  falts,  and  the 
phofphoric  acid  unking  with  the  neutral,  mod  commonly  in  an  infoluble  com- 
pound. See  Phosphorus,  p.  655;  alfo  Precipitate,  Rose-coloured. 

Concerning  the  acid  matter  which  appears  to  be  the  chief  component  part 
of  the  ftone,  or  urinary  calculus*  fee  Ston-es,  or  Calculi,  found  in  the 
bodies  of  animals. 


WAD  W A L 

WrADD.  This  name  is  given  to  plumbago  or  black  lead. 

WADD  BLACK.  An  ore  of  manganefe  found  in  Derbyfhire.  It  is 
remarkable  for  the  property  of  taking  fire  when  mixed  with  linfeed  oil.  See 
p.  597- 

WALKLERA.  The  Swedifli  name  for  a grey  ftone  marrow.  The  word 
fignifies  Fuller’s  earth. 
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WAND.  See  Rod,  Divining. 

WASHING.  See  Elutriation  ; alfo  Tin,  p.  940. 

WATER.  It  is  fcarcely  neceffary  to  give  any  definition  or  defcription  of 
this  univerfally  known  fluid.  It  is  a moft  tranfparent  fluid,  poffeffing  a mode- 
rate degree  of  activity  with  regard  to  organized  fubftances,  which  renders  it 
friendly  to  animal  and  vegetable  life,  for  both  which  it  is  indeed  indifpenfably 
neceffary.  Hence  it  adis  but  flightly  on  the  organs  of  fenfe,  and  is  there- 
fore faid  to  have  neither  tafte  nor  fmell.  It  appears  to  poffefs  confiderable  elaf- 
ticity,  and  yields  in  a perceptible  degree  to  the  preffure  of  air  in  the  condenfing 
machine,  as  Canton  proved,  by  including  it  in  an  open  glafs  veffel  with  a narrow 
neck.  This  condenfation  is  proportioned  to  the  preffure,  and  it  recovers  its 
original  dimenfions  when  the  force  is  removed.  The  fame  elaftic  force  is 
fliewn  by  the  rebounding  of  ftones  or  bullets,  which  ftrike  the  furface  of  wa- 
ter obliquely,  as  is  feen  in  the  diverfion  of  boys,  which  in  this  country  they 
call  making  ducks  and  drakes.  A flat  ftone  is  thrown  from  the  hand,  nearly 
in  an  horizontal  direction,  with  its  furface  parallel  to  that  of  the  water,  upon 
which  it  paffes,  by  repeated  bounds,  with  nearly  the  fame  facility  as  if  the  water 
were  frozen  ; till  at  laft  the  force  of  projedlion  being  expended,  it  finks.  The 
mufical  fonoroufnefs  of  water  palling  in  certain  circumftances  among  pebbles, 
is  another  proof  of  its  elafticity,  and  perhaps  the  flight  adhefion  of  its  parti- 
cles. 

Water  does  not  poffefs  any  confiderable  denfity.  Moft  mineral  fubftances 
are  heavier  than  this  fluid,  and  among  organized  matters,  there  are  perhaps 
none,  except  oils,  and  the  products  of  art,  which  if  lighter  than  water  do  not 
owe  this  property  to  their  mechanical  ftrudture.  At  a moderate  temperature 
water  affumes  the  folid  flate,  or  freezes ; and  at  a degree  of  heat  far  below 
that  required  to  fufe  any  of  the  Ample  metals  but  mercury,  its  internal  parts 
affume  the  elaftic  ftate,  and  fly  off  with  ebullition.  The  freezing  and  boiling 
points  of  water  are  affumed  as  the  ftandards  for  admeafurements  of  heat.  See 
Thermometer,  alfo  Heat.  Its  weight  alfo  is  ufed  as  the  ftandard  for  fpecific 
gravities;  fee  Gravity,  Specific;  alfaSpiRiT,  Ardent.  Its  capacity  for  heat - 
is  taken  as  the  ftandard  of  the  fpecific  heats  of  bodies.  And  in  a word,  the  fo- 
lubility  or  infolubility  of  bodies  in  this  fluid  compofes  a large  part  of  the 
fcience  of  chemiftry. 

When  water  is  cooled  gradually,  it  contracts  in  its  dimenfions  till  within  8° 
of  freezing,  and  then  expands  till  it  begins  to  affume  the  folid  ftate.  Con- 
gealed water  or  ice  is  confiderably  larger  in  its  dimenfions  than  water,  upon 
which  it  therefore  floats.  The  expanfion  of  ice,  at  the  time  of  its  formation, 
is  made  with  fuch  force  as  to  burft  the  ftrongeft  metallic  veffels.  The 
affumption  of  the  folid  ftate  in  v/ater  is  effedled,  like  other  cryftallizations, 
under  a fymmetrical  figure.  The  parts  which  become  folid  firft  by  freezing, 
have  the  form  of  daggers  crofting  each  other  at  angles  of  60  degrees.  The 
cryftallization  of  ice  is  alfo  feen  to  advantage  in  fnow  and  hoar  froft,  which 
are  of  the  nature  of  the  vegetation  of  falts,  though  probably  they  may  not  re- 
quire the  co-operation  of  light. 

Steam,  or  the  vapour  of  water,  poffeffes  a ftrong  power  of  expanfion,  which 
is  greater  the  higher  its  temperature.  This  power  has  within  the  laft  century 
been  very  advantageoufly  applied  to  mechanical  purpofes.  The  vapour  of  water 
is  more  expanfible  in  the  fame  weight  and  temperature  than  air ; whence  the 
fteam  in  half-filled  veffels  always  occupies  the  upper  place,  and  moift  air  is 
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fiefs  heavy  than  dry.  Common  air  imbibed  by  water,  and  afterwards  expelled 
again,  is  found  to  contain  fomewhat  more  of  vital  air  than  before.  It  follows 
therefore,  that  the  vital  part  of  the  atmofphere  is  more  difpofed  to  combine 
with  water  than  the  azotic  part.  This  effect  is  remarkably  perceived  in  fogs, 
'which  commonly  exhibit  the  peculiar  fmell  of  burned  gunpowder  or  azotic  air; 
and  mull  be  aferibed  to  a proportion  of  the  vital  air  having  combined  with  the 
•water  of  the  fog._ 

The  eolipile  is  a copper  vefiel,  or  globe,  with  a fmall  aperture  on  one  fide. 
If  this  be  heated  and  then  immerfed  in  water,  it  will  be  partly  filled  by  the 
preffure  of  the  atmofphere;  and  if  this  water  be  then  made  to  boil,  the  fleam 
will  ifiue  out  with  confiderable  violence,  and  excite  a fire  in  the  fame  manner 
as  bellows.  This  has  been  thought  to  indicate  a decompofition  of  the  water ; 
but  it  is  not  the  fleam  which  produces  this  effedl,  but  the  air  it  carries  with  it 
by  its  mechanical  impulfe  ; for  if  the  nozzle  of  an  eolipile  be  inferted  diredlly 
into  the  fire,  without  leaving  any  fpace  for  the  interpofition  of  a body  of  air, 
it  will  not  excite  but  extinguifh  the  fire,  as  Dr.  Lewis  proved  by  experiment. 

Water  is  not  only  the  common  meafure  of  fpecific  gravities,  but  the  tables 
■of  this  element  (fee  p.  366)  may  be  ufefully  employed  in  the  admeafurement 
■of  irregular  folids  ; for  one  cubic  foot  is  very  nearly  equal  to  1000  ounces 
•avoirdupois.  The  numbers  of  the  table  denoting  the  fpecific  gravities,  do 
therefore  denote  likewife  the  number  of  ounces  avoirdupois  in  a cubic  foot  of 
■each  fubflance. 

Native  water  is  feldom,  if  ever,  found  perfectly  pure.  The  waters  that  flow 
•within,  or  upon  the  furface  of  the  earth,  contain  various  earthy,  faline,  metal- 
lic, vegetable,  or  animal  particles,  according  to  the  fubflances  over  or  through 
which  they  pafs.  Rain  and  fnow  waters  are  much  purer  than  thofe,  although 
they  alfo  contain  whatever  floats  in  the  air,  or  has  been  exhaled  along  with  the 
watery  vapours.  Margraaf  has  analyfed  by  gentle  diflillation  fome  clear  rain 
and  fnow  waters  that  he  had  very  carefully  colle&ed  in  glafs  vefiels.  The  fe- 
deral refiduums  obtained  by  diflilling  a hundred  meafures  of  rain  water,  each  of 
which  contained  thirty-fix  ounces,  he  diftilled  and  evaporated,  till  no  more  re- 
mained than  fix  or  eight  ounces  of  water,  which  was  very  turbid.  From  this 
•remainder  he  obtained  by  filtration,  a hundred  grains  of  a yellowifh  white  cal- 
careous earth  ; and  the  filtrated  liquor  flill  contained  fome  earthy  particles  fuf- 
pended  in  it.  Upon  adding  fome  drops  of  a folution  of  fait  of  tartar  to  this 
filtrated  liquor,  he  obtained  by  evaporation  a few  grains  of  cryflals,  which  had 
the  appearance  of  nitre  and  common  fait.  From  thefe  cryflals  he  inferred,  that 
the  rain  water  contained  a fmall  portion  of  nitrous  and  marine  acids ; and  from 
the  colour  of  the  cryflals,  which  was  brownifh,  he  concludes  that  it  alfo 
contained  fome  oil  and  vifeous  particles.  He  further  proved  the  prefence  of 
marine  acid  in  rain  water,  by  adding  a concentrated  refiduum  of  diftilltd  rain  to 
'Solutions  of  filver,  mercury,  and  lead,  in  nitrous  acid  ; from  all  which  folutions 
precipitates  were  thereby  formed.  He  difeovered  the  earthy,  faline,  mucila- 
ginous, and  oily  principles,  by  expofing  rain  vvater  to  the  rays  of  the  fun, 
^during  fome  months,  in  a glafs  vefiel  covered  fo  as  to  exclude  the  dufl,  but 
■not  air  ; by  which  means  the  water  underwent  a kind  of  fermentation  or  pu- 
4refa£tion,  and  a greenish  flime  was  formed  on  the  fides  and  bottom  of  the  con- 
taining vefiel.  This  fermentation  he  found  could  not  be  excited  by  treating 
in  the  fame  manner  the  rain  water  that  had  pafled  over  in  the  diflillation  mad-e 
in  ordter  to  procure  the  above-  mentioned  refiduum. 
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Margraaf  having  treated  a hundred  meafures  of  fnow  water  in  the  fame  man* 
ner  as  he  had  done  the  rain  water,  obtained  fixty  grains  of  a fimilar  white 
calcareous  earth,  together  with  the  fame  faline,  mucilaginous,  and  oily  princi- 
ples, but  obferved  that  the  rain  water  contained  a larger  proportion  of  the  ni- 
trous acid,  and  the  fnow  water  more  of  the  marine  acid.  Upon  a further  ex- 
amination of  the  calcareous  earths  obtained  from  rain  and  fnow,  he  difcovered. 
that  they  contained  a ferruginous  matter. 

The  purity  of  water  may  be  known  by  the  following  marks  or  properties  of 
pure  water  : 

1.  Pure  water  is  lighter  than  water  that  is  not  pure  ; for  not  only  the  fub- 
ftances  ufually  diffolved  in  water  are  heavier  than  water,  but  alfo  the  fpecific 
gravity  of  a folution  of  any  of  thefe  fubftances  in  water  is  generally  greater 
than  the  intermediate  fpecific  gravity  of  the  water  and  of  that  fubftance. 

2.  Pure  water  is  more  fluid  than  water  that  is  not  pure ; hence  it  is  faid’ 
to  occafion  a louder  found  when  poured  from  one  veflel  into  another. 

3.  It  has  no  colour,  fmell,  or  tafte. 

4.  It  wets  more  eafily  than  the  waters  containing  metallic  and  earthy  falts,- 
called  hard  waters,  and  feels  fofter  when  touched. 

5.  Soap,  or  a folution  of  foap  in  fpirit  of  wine,  mixes  eafily  and  perfe&ly 
with  it. 

6.  It  is  not  rendered  turbid  by  adding  to  it  a folution  of  gold  in  aqua  regia,,, 
or  a folution  of  filver,  or  of  lead,  or  of  mercury,  in  nitrous  acid,  or  a folutiom 
of  fugar  of  lead  in  water. 

Boerbaave,  Macquer,  and  other  cbemifts,  maintain,  that  pure  water  is  un- 
alterable ; and  others,  as  Borichius,  Boyle,  Wallerius,  that  it  may  be  decom- 
pofed  or  refolved  into  other  principles,  efpecially  into  earth. 

Boyle  relates,  that  one  ounce  of  water,  diftilled  carefully  in  glafs  veflels  two 
hundred  times,  yielded  fix  drams  of  a white,  light,  infipid  earth,  fixed  in  the 
fire,  and  indilfoluble  in  water.  Boerhaave  attributed  the  earth  obtained  by  dif- 
tillation  of  water,  to  duft  floating  in  laboratories.  Other  chemifts  have  made 
experiments  to  afcertain  the  truth  of  that  of  Boyle.  Liedenfroft  found,  that  when 
pure  diftilled  water  is  diffipated  or  evaporated  by  throwing  it  into  a red  hot  iron 
fpoon,  he  always  obtained  a quantity  of  eartlu  Wallerius  obtained  a fcruple. 
and  a half  of  fine  white  earth  by  triturating  during  two  hours  a dram  of  di- 
ftilled water.  This  earth,  he  fays,  is  foluble  in  acids,  is  convertible  into  a hard 
mafs  by  a red  heat,  which  mafs  is  unfoluble  by  acids,  and  is  vitrifiable  into  a . 
white  tranfparent  glafs  by  a more  violent  heat.  He  found  alfo,  that  a larger 
quantity  of  earth  is  depofited  from  boiling  water  with  a ftrong,  than  with  a gen- 
tle fire.  See  the  Swedilh  Memoirs  for  the  year  1760.  Margraaf  has  made 
experiments  with  his  accuftomed  accuracy,  from  which  it  appears,  that  by  din 
ftillation,  and  alfo  by  evaporation  with  the  heat  of  the  fun,  of  rain  water,  the 
purity  of  which  had  been  previoufly  afeertained  by  thirteen  diftillations,  he  ob- 
tained a white,  light,  finning  earth.  This  earth  could  not  be  vitrified  with  the 
heat  requifite  for  the  fufion  of  ordinary  glafs ; but  by  a more  violent  and  lon- 
ger continued  fire  it  was  melted  into  a yellow  greyilh  mafs.  He  found,  that 
about  half  of  this  earth  was.  foluble  in  nitrous  acid,  and  that  the  other  half  was  - 
not  fufible  by  fire;  but  that,  by  addition  of  half  its  quantity  of  fait  of  tartar, 
it  was  convertible  into  a tranfparent  glafs.  The  part  of  the  earth  that  was  dif- 
folved in  nitrous..acid,  was  afterwards  precipitated  from  that,  acid  by  vitriolic: 
acid,  with  wfyich  it ' formed  a felenites ; and  hence  Margraaf  infers,  that  it  is  a . 
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true  calcareous  earth.  He  does  not  determine  the  clafs  of  earths  to  which  the 
infoluble  part  of  the  earth  thus  obtained  by  diddling  water  ought  to  be  referred. 
Margraaf  obferves,  that  earth  is  more  copioufly  depofited  from  water  boiling 
with  a ftrong  than  with  a gentle  heat.  The  quantity  of  earth  that  he  obtained, 
in  one  experiment,  from  feventy-two  ounces  of  diflilied  water,  by  twelve  distil- 
lations, was  nine  or  ten  grains. 

Lavoifier  however  maintains,  that  the  earth  thus  obtained  by  diftilling  water 
proceeds  from  the  veffels  employed  ; and  the  experiments  of  Scheele  appear  to 
have  decided  that  it  is  fo.  See  his  Treatife  on  Air  and  .Fire. 

Margraaf  obtained  earth  from  water  by  another  experiment.  Fie  put  two 
ounces  of  diddled  water  into  a glafs  veffel  ten  inches  high,  and  from  one  to 
two  inches  in  diameter,  and  clofed  the  mouth  with  a fmooth  glafs  Hopper. 
After  the  water  had  been  agitated  up  and  down  in  this  tube  eight  days,  it  was 
obferved  to  be  turbid  j and  upon  continuing  the  agitation  eight  days  longer, 
he  obferved  diftindly,  efpecially  uponexpofing  the  tube  to  the  rays  of  the  fun, 
particles  of  earth  floating  in  the  water. 

The  a6tion  ©f  water  upon  various  faline  fubflances,  or  their  refpecdiye 
folubilities,  conftitutes  an  objedt  of  great  value  in  the  fcience  of  chemiftry. 
This  has  been  occasionally  fhewn  under  the  refpeflive  articles.  But  as  thefe 
refults  may  be  of  value  feen  all  together,  I fhall  here  infert  three  tables  from 
the  Notes  on  Macquer’s  Dictionary. 

The  following  Table  fhews  the  quantities  of  the  faline  fubflances  that  could 
be  diffolved  in  an  ounce  of  water,  with  the  heat  of  50°  of  Fahrenheit’s  fcale, 
according  to  experiments  made  by  Mr.  Spielman.  Inftit.  Chemise,  p.  48. 


Grains 

Grains 

Terra  foliata  Tartar! 

470 

Salt  of  Seignette 

137 

Salt  of  Sedlitz 

- 

38  4 

Blue  Vitriol 

124 

Epfom  Salt 

324 

Green  Vitriol 

80 

Salt  of  Tartar 

240 

Purified  Nitre 

60 

Vegetable  Salt 

212 

Sal  Polychreft  of  Glafer 

40 

White  Vitriol 

210 

Vitriolated  Tartar 

3°' 

Sal  Gem 

200 

Sublimate  Mercury 

3© 

Salt  of  Soda 

200 

Borax 

20 

Sal  .Ammoniac 

1 76 

Alum 

14 

Common  Salt 

170 

Volatile  Salt  of  Amber 

5 

Salt  of  Glauber 

168 

Arfenic 

3 

Salt  of  Lorraine 

168 

Crude  Tartar 

4 

Salt  of  Sylvius 

- 

160 

Cream  of  Tartar 

3 

The  following  Table  is  copied  from  Mufchenbroek.  The  eight  fir  A experi- 


of  pure  water 


ments  were  made 
of  38°. 

by  Boerhaave,  and  the  reft  by  Mufchenbroek, 

Sea  Salt 

oz.  2 were  diffolved  in 

oz.  6 and  dr.  3 of 

Sal  Gem 

oz.  1 

oz.  3 and  dr.  2 

Sal  Ammoniac 

oz.  1 

oz.  3 and  dr.  2 

Nitre 

dr.  9 

oz.  6 

Borax 

dr.  4 

oz.  10 

Alum 

oz.  1 

oz.  14 

Epfom  Salt 

OZ.  I 

oz.  i and  dr.  2 

Green  Vitriol 

dr.  if 

oz.  3 

Arfenic 
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Arfenic 

oz.  1 were  diffolved  in 

oz. 

30 

Blue  Vitriol 

gr-  5o 

gr- 

850 

Salt  of  Hartfliorn 

gr-  50 

gr- 

7 65 

Sugar  of  Lead 

gr-  5° 

gr- 

595 

Salt  of  Tartar 

gr-  5° 

gr- 

85 

Glafs  Gall  - 

gr.  5° 

oz. 

7 i 

Cream  of  Tartar 

gr-  <0 

OZ.  ] 

tooo  of  boiling  water 

Fifty  grains  of  cream  of  tartar  may  be  diffolved 

in  100  grains  of  lime  water. 

Hift.de  1’Acad.  Royale,  1 732. 

Sugar  of  milk,  dr.  7.  were  diftolved  in  lb.  1.  of  water,  heated  to  the  167°. 


According  to  Neumann’s  experiments,  the  quantities  of  falts  foluble  in  an 
ounce  of  water  are  expreffed  in  the  following  Table.  He  does  not  mention 
the  heat  employed.  It  was  probably  between  50°  and  6o°. 


White  powd.  Sugar 

oz. 

2 

Blue  Vitriol 

dr. 

2 

Brown  powd.  Sugar 

oz. 

2 

Pure  Nitre 

dr. 

1 

White  or  brown  Sugar 

Sal  Prunell 

dr. 

1 

Candy 

dr. 

9 

Soluble  Tartar 

dr. 

1 

Sal  Diureticus 

oz. 

1 

Alum 

fcr. 

2. 

Epfom  Salt 

oz. 

1 

Sal  Polychreft 

fcr. 

2 

Sedlitz  Salt 

dr. 

6 

Arcanum  Duplicatum  dr. 

JL 

z 

Pure  fixed  Alkali 

dr. 

6 

Vitriolated  Tartar 

dr. 

JL, 

White  Vitriol 

oz. 

Sugar  of  Milk 

fcr. 

I 

Martial  Vitriol 

oz. 

-L 

Sugar  of  Lead 

fcr. 

I 

Sal  Gem 

dr. 

3 fcrup.  1 

Emetic  Tartar 

fcr. 

I 

Sea  Salt 

dr. 

3 

Borax 

gr- 

15 

Salt  of  Glauber 

dr. 

z 

Salt  of  Sorrel 

gr- 

10 

Sal  Ammoniac 

dr. 

z 

White  Tartar 

gr. 

5 

Volatile  Sal  Ammoniac  dr. 

2 

Cryftals  of  Tartar 

gr. 

5 

Potafh 

dr. 

2 

Water  when  faturated  with  one  fait  is  capable  of  diffolving  a confiderable 
portion  of  another  fait ; and  when  faturated  with  this  alfo,  it  may  ftill  diffolve 
a third,  a fourth,  or  more  falts.  Thus,  according  to  Neumann,  four  ounces  of 
water  that  have  been  faturated  with  a dram  and  a few  grains  of  alum,  will 
ftill  diffolve  five  drams  of  nitre,  then  half  an  ounce  of  green  vitrol,  fix  drams 
of  common  fait,  three  drams  of  foluble  tartar,  and  five  drams  of  fugar.  In 
the  fame  manner  alfo,  four  ounces  of  water  faturated  with  half  an  ounce  of 
nitre,  will  diffolve  half  an  ounce  of  whit^  vitriol,  fix  drams  of  common  fait,  fix 
drams  of  fal  ammoniac,  half  an  ounce  of  foluble  tartar  j and  after  all  thefe  an 
entire  ounce  of  fugar. 

Mr.  Eller  has  publifhed  an  account  of  the  following  experiments  concerning 
the  folutions  of  different  falts  in  the  fame  water.  See  Mem.  of  the  Acad,  of 
Berlin  for  the  year  1750. 

In  each  experiment,  he  employed  eight  ounces  of  diftilled  water.  He  found 
that  this  quantity  of  water,  when  faturated 

With  four  ounces  of  nitre,  diffolved  one  ounce  five  drams  of  fixed  alkali, 
and  half  an  ounce  of  common  fait. 

With  three  ounces  one  dram  and  one  fcruple  of  common  fait,  diffolved  three 
drams  of  nitre,  and  fix  drams  of  fixed  alkali. 

With  three  ounces  and  a half  of  foffil  fait,  diffolved  half  an  ounce  of  nitre  . 
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With  half  an  ounce  of  cream  of  tartar,  diffolved  half  an  ounce  of  Sedlitz 
fait,  and  half  an  ounce  of  fixed  alkali. 

With  an  ounce  and  a half  of  vitriolated  tartar,  dififolved  half  an  ounce  of 
fixed  alkali. 

With  three  ounces  and  a half  of  Glauber’s  fait,  diffolved  two  drams  of  nitre 
and  as  much  fugar. 

With  four  ounces  of  foluble  tartar,  diffolved  half  an  ounce  of  pure  nitre. 

With  four  ounces  of  Epfom  fait,  diffolved  half  an  ounce  of  fine  fugar. 

With  two  ounces  and  a half  of  fal  ammoniac,  diffolved  five  drams  of  fulfil 
fait. 

With  an  ounce  and  a half  of  volatile  fait  of  hartfiiorn,  diffolved  an  ounce  of 
nitre  and  half  an  ounce  of  fugar. 

With  four  drams  and  two  fcruples  of  borax,  diffolved  half  an  ounce  of  fixed 
alkali. 

With  two  ounces  and  a half  of  alum,  diffolved  fix  drams  of  common  fair, 
and  one  dram  of  Epfom  fait. 

With  nine  ounces  and  a half  of  green  vitriol,  diffolved  an  ounce  and  a half 
of  Sedlitz  fair,  two  drams  of  nitre,  and  three  ounces  of  refined  fugar. 

With  nine  ounces  of  blue  vitriol,  diffolved  an  ounce  of  nitre,  three  drams 
of  common  fait,  and  an  ounce  of  fugar. 

With  four  ounces  and  a half  of  white  vitriol,  diffolved  one  ounce  of  refined 
fugar. 

Water  has  long  been  confidered  as  an  elementary  or  fimple  fubftance.  But 
the  chemifts  of  our  own  time,  in  their  refearches  into  the  nature  of  elaft ic  fluids* 
have  obtained  water  in  circumftances  where  there  is  the  higheft  reafon  to  con- 
clude that  it  is  produced  by  combination  ; and  in  other  experiments  its  decom- 
pofition  into  two  principles,  namely,  vital  air  and  inflammable  air,  is  judged 
to  take  place.  V 

The  powers  of  nature,  which  are  ever  the  fame,  and  are  continually  perform- 
ing their  operations  before  us,  whether  we  underftand  them  or  nor,  often  prefent 
fadts  of  the  utmoft  value  and  importance,  which  we  overlook,  or  regard  with  in- 
difference. Hence  it  happens,  that  when  an  enlightened  obferver  makes  any 
difcovery,  it  is  altnoft  always  obferved  that  fomebody  has  feen  the  fadt  before 
him,  or  given  fome  confufed  hints  refpe&ing  its  theory.  It  is  evident  however, 
that  the  firft  difcoverer,  if  there  be  any  merit  in  difcovery,  is  not  the  man  who 
finds  the  treafure,  and  fuppofes  it  to  be  none,  but  he  who  is  confcious  of  its 
value,  and  applies  it  to  ufe.  On  thefe  principles  it  is,  that  the  claims  of 
the  difcoverers  of  the  compofuion  of  water  muft  be  eftimated.  The  fadVs  ap- 
pear-to  be  as  follow  : 

Previous  to  the  month  of  Odtober,  1776,  the  celebrated  Macquer,  aflifted  by 
M.  Sigaud  de  la  Fond,  made  an  experiment  by  burning  inflammable  air  in  a 
bottle,  without  explofion,  and  holding  a white  china  faucer  over  the  flame.  His 
intention  appears  to  have  been  that  of  afcertaining  whether  any  fuliginous  fmoko 
was  produced;  and  he  obferves  that  the  faucer  remained  perfedtly  clean  and 
white,  but  was  moiftened  with  perceptible  drops  of  a clear  fluid,  refembling. 
water,  and  which  in  fadl  appeared  to  him  and  his  afliftant  to  be  nothing  but 
pure  water.  He  does  not  fay  whether  any  teft  was  applied  to  afcertain  this  purity, 
neither  does  he  make  any  remark  on  the  faff  *. 

* Di&ionnaire  de  Cbymie,  2d  edition,  Paris,  1778.  Art.  Gas  Inflammable,  vol.  ii.  p.314,  315. 
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In  the  month  of  September,  1777,  Mefirs.  Bucquetand  Lavoifier,  not  being 
acquainted  with  the  fatft,  which  is  incidentally  and  concifely  mentioned  by  Mac- 
quer,  made  an  experiment  to  difcover  what  is  produced  by  the  combuftion  of 
inflammable  air.  They  fired  five  or  fix  pints  of  inflammable  air  in  an  open  and 
wide-mouthed  bottle,  and  inftantly  poured  two  ounces  of  lime-water  through  the 
flame,  agitating  the  bottle  during  the  time  the  combuftion  lafted.  The  re-' 
fult  of  this  experiment  fhewed  that  fixed  air  was  not  produced  J-. 

Before  the  month  of  April,  1781,  Mr.  John  Warltire,  encouraged  by  Dr, 
Prieftley,  fired  a mixture  of  common  and  inflammable  air  in  a clofe  copper  veflel, 
and  found  its  weight  diminifhed.  Dr.  Prieftley  likewife,  before  the  fame  period, 
fired  a like  mixture  of  inflammable  air  and  dephlogifticated  air  in  a clofed 
glafs  veflel,  Mr.  Warltire  being  prefent.  The  infide  of  the  veflel,  though  clean 
and  dry  before,  became  dewy,  and  was  lined  with  a footy  fubftance  J.  Thefe 
experiments  were  afterwards  repeated  by  Mr.  Cavendifh  and  Dr.  Prieftley,’ 
and  it  was  found  that  the  diminution  of  weight  did  not  take  place,  neither  was. 
the  footy  matter  perceived  || . Thefe  circumftances  therefore  muft  have  arifen 
from  fome  imperfeftion  in  the  apparatus  or  materials,  with  which  the  former  ex-' 
periments  were  made. 

It  was  in  the  fummer  of  the  year  1781,  that  Mr.  Henry  Cavendifh  was  bulled 
in  examining  what  becomes  of  the  air  loft  by  phlogiftication,  or  combuftion, 
and  made  thofe  valuable  experiments  which  were  read  before  the  Royal  Society 
on  the  15th  of  January,  1784^.  ~ He  burned  500,000  grain  meafures  of  inflam- 
mable, with  about  2I  times  the  quantity  of  common  air,  and  by  caufing  the 
burned  air  to  pafs  through  a glafs  tube  eight  feet  in  length,  135  grains  of  pure 
water  was  condenfed.  He  alfo  exploded  a mixture  of  19,500  grain  meafures  of 
dephlogifticated  or  vital,  and  37,000  of  inflammable  air  in  a clofe  veflel.  The 
condenfed  liquor  was  found  to  contain  a fmall  portion  of  nitrous  acid,  when  the 
mixture  of  the  air  was  fuch  that  the  burned  air  was  not  much  phlogifticated, 
that  is,  when  the  proportion  of  vital  air  was  confiderable.  This  great  philofopher, 
who  may  be  confidered  as  the  true  difcoverer  of  the  compofition  of  water,  ap- 
pears to  think  with  Mr.  Watt,  that  in  thofe  experiments  of  Dr.  Prieftley, 
wherein  the  vitriolic  and  nitrous  acids  feemed  to  be  converted  into  vital  air,  the 
acids  ferved  only  to  decompofe  the  water,  by  depriving  it  of  its  phlogiftic  or 
combuftible  part ; but  he  thinks  it  unneceflary  to  include  the  confideration  of  ele- 
mentary hear,  as  Mr.  Watt  does,  becaufe  in  his  opinion  it  is  more  likely  that  there 
is  no  fuch  thing,  and  that  .the  bringing  the  confideration  forward  in  every  che- 
mical experiment,  in  which  increafe  or  diminution  of  heat  takes  place,  might 
occafion  more  trouble  and  perplexity  than'it  is  worthy. 

In  the  mean  time,  M.  Lavoifier  continued  his  refearches,  and  during  the- 
winter  of  1781-1782,  together  with  M.  Gingembre,  he  filled  a bottle  of  fix 
pints  with  inflammable  air,  which  being  fired,  and  two  ounces  of  lime-water 
poured  in,  was  inftantly  flopped  with  a cork,  through  which  a flexible  tube 
communicating  with  a veflel  of^dephlogifticated  or  vital  air  was  pafled.  The 
inflammation  ceafed,  except  at  the  orifice  of  the  tube,  through  which  the  vital  air 

f Acad.  Par.  1781,  p.  470.  £ Prieftley,  v.  395.  |j  Phil.  Tranf.  lxxiv.  126.  Dr.  Prieftley  fuppofed 

the  footy  matter  to  be  part  of  the  mercury  ufed  in  filling  the  veflel.  Phil.  Tranf.  lxxiv.  332.  § Mr. 

Lavoifier  relates  that  Dr.  Blagden,  Sec.  R.  S.  (who  was  prefent  at  the  performing  of  the  capital  experi- 
ment ofburning  inflammable  and  dephlogifticated  air  in  a clofed  veflel  on  the  24th  June,  1783)  informed 
him  that  Mr.  Cavendifh  had  already  done  the  fame  thing,  and  obtained  water.  See  the  Memoirs  of  the 
P.oyal  Academy  at  Paris  for  1781,  p.  472  ; alfo  Phil.  Tranf.  vol.  lxxiv.  p.  134.  Philofoph.  Tranf. 
vol.  lxxiv.  p.  330. 
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was  prefled,  where  a beautiful  flame  appeared.  The  combuftion  continued  a 
confiderable  time,  during  which  the  lime-water  was  agitated  in  the  bottle.  Nei- 
ther this,  nor  the  fame  experiment  repeated  with  pure  water,  and  with  a weak 
folution  of  alkali  inftead  of  lime-water,  afforded  the  information  fought  after, 
for  thefe  fubflances  were  not  at  all  altered. 

The  inference  of  Mr.  Warltire  refpefting  the  moifture  on  the  infide  of  the 
glafs  in  which  Dr.  Prieftley  firft  fired  inflammable  and  common  air,  wa?,  that 
thefe  airs  by  combuftion  depofited  the  moifture  they  contained.  Mr.  Watt  how- 
ever inferred  from  thefe  experiments,  that  water  is  a compound  of  the  burned 
airs,  which  have  given  out  their  latent  heat  by  combuftion,  and  communicated 
his  fentiments  to  Dr.  Prieftley  in  a letter  dated  April  26,  1783*,  and  he  con- 
cludes, that  in  every  cafe  wherein  dephlogifticated  air  was  produced,  water  has 
been  decompofed  by  the  ufe  of  fome  fubftance,  which  bad  a ftronger  attraction 
to  its  phlogifton  than  is  poflefled  by  the  dephlogifticated  air,  which  is  therefore 
fet  at  liberty.  He  repeated  fome  experiments,  particularly  with  a view  to  decide 
this  point  ; and  in  feveral  of  them  the  quantity  of  dephlogifticated  air,  added  to 
the  acid  which  came  over,  greatly  exceeded  the  original  weight  of  acid  employed. 
He  difl'olved  magnefia,  calcareous  earth  and  minium  refpedlively,  in  pale  nitrous 
acid,  and,  on  diftilling  to  drynefs,  found  nearly  the  whole  of  the  nitrous  acid  in 
the  retort  highly  phlogifticated.  From  common  nitre,  the  dephlogifticated  air 
was  fixteen  times  the  weight  of  the  .nitrous  acid  which  was  miffing.  Mr.  Watt 
has  therefore  a claim  to  the  merit  of  a difeoverer  with  regard  to  the  compo- 
fition  of  water,  and  has  the  advantage  of  priority  in  the  difeovery  of  its  decom- 
position. 

It  does  not  appear -j-  that  the  compofition  of  water  was  known  or  admitted  in 
France,  till  the  fummer  of  1783,  when  M.  Lavoifier  and  M.  de  la  Place,  on  the 
24th  of  June,  repeated  the  experiment  of  burning  inflammable  and  vital  air  in 
a glafs  veflel  ovei  mercury,  in  a ftill  greater  quantity  than  had  been  burned  by 
Mr.  Cavendifli.  The  refult  was  nearly  five  gros  of  pure  water  J.  M.  Monge 
made  a fimilar  experimental  Paris,  nearly  at  the  fame  time,  or  perhaps  before. 

The  theory  which  has  been  propofed  and  explained  by  M.  Lavoifier,  wherein 
fuch  phenomena  as  chemifts  have  ufually  accounted  for  by  the  difengagement  or 
tranfition  of  phlogifton  are  explained,  merely  by  the  engagement  or  contrary 
tranfition  of  dephlogifticated  air,  or  its  bafe,  by  him  called  the  oxygenous  or  aci* 
difying  principle,  is  amply  explained  in  various  parts  of  our  work.  See  Com- 
bustion, Phlogiston,  Principles,  the  Metals  and  Acids.  This  theory 
received  a great  acceflion  from  the  difeovery  of  the  compofition  of  water.  For  it 
waseafy  to  attribute  the  inflammable  air  which  is  difengaged  in  many  procefles  to 
the  decompofition  of  water,  which  is  undoubtedly  prefent  in  mod  of  them,  inftead 
of  fuppofmg  it  to  come  from  fuch  bodies  as  former  chemifts  had  imagined  to  con- 
tain the  principle  of  inflammability.  See  Zinc.  In  the  month  of  September 
1783,  M.  de  la  Place  communicated  to  M.  Lavoifier  ||  his  thoughts  on  the  de- 
compofition of  water,  which  from  M.  Lavoifier’s  former  experiments  he  concluded 
to  take  place  in  metallic  folutions  ; and  thefe  reafons,  added  to  M.  Lavoifier’s  own 
refle&ions,  induced  him  to  purfue  the  fubjeft  by  anewferiesof  experiments. 

This  afliduous  and  accurate  philofopher  was  the  firft  who  placed  a quantity  of 

* Phil.  Tianf.  vol.  Ixxiv.  p.  330.  f Compare  Phil.  Tranf.  vol.lxxiv.  p.  138.  with  the  Memoirs 
of  the  Royal  Academy  at  Paris  for  1781,  pages  472  and  474.  J The  ounce  poids  de  marc  being 
472.  2 gis,  troy,  this  quantity  will  be  295  Englifli  grains,  ||  Memoirs  of  the  Royal  Academy  at 
Paris,  1781,  p.  476. 
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iron  filings  and  pure  water  in  theppper  part  of  a veffel  inverted  over  mercury, 
and  obferved  that  the  iron  became  calcined,  inflammable  air  being  at  the  fame 
time  difengaged,  the  water  being,  as  he  fays,  truly  decompofed  *.  He  then 
proceeded  in  conjun&ion  with  M Meufnier  to  pafs  the  fleam  of  water  through 
a red  hot  iron  tube,  and  found  that  the  iron  was  calcined,  and  inflammable  air 
difengaged;  and  the  fleam  of  water  being  paffed  over  a variety  of  other  com- 
buftible  or  calcinable  fubftances,  produced  fimilar  refults,  the  water  difappear- 
ing  and  inflammable  air  being  difengaged.  Thefe  capital  experiments  are 
accounted  for  by  M.  Lavoifier,  and  fuch  chemifts  as  do  not  admit  the  existence 
of  phlogifton,  by  fuppofing  the  water  to  be  decompofed  into  its  component 
parts,  vital  and  inflammable  air,  the  former  of  which  is  faid  to  unite  with, 
the  ignited  fubftance,  while  the  latter  is  difengaged.  See  Iron,  page  406. 
Confult  alfo  the  fecond  edition  of  Kirwan’s  Phlogifton,  with  the  Notes  of  the 
French  Academicians. 

The  experiment  of  compofing  water  by  the  combuftion  of  vital  and  inflam- 
mable air  has  been  repeated  with  fuccefs  by  the  French  philofophers  and  others  ; 
notwithftanding  which,  the  maintainers  of  phlogifton  are  difpofed  to  doubt  or 
deny  the  compofition  of  water.  In  certain  proportions  of  the  air,  and  with  a 
rapid  combuftion,  nitrous  acid  and  fixed  air  are  produced.  The  antiphlogiftian 
philofophers  affirm,  that  the  former  is  produced  by  the  azotic  air  combining  with 
a portion  of  the  viral  air,  in  which  it  almoft  always  exifts  as  an  impurity.  But 
to  this  it  is  objefted,  that  the  quantity  is  too  considerable,  and  is  not  increafed 
by  the  a&ual  addition  of  azotic  air  to  the  mixture  before  combuftion,  Thofe 
who  deny  the  compofition  of  water  avail  themfelves  of  the  very  great  quantity  of 
this  fluid  which  may  be  fufpended  in  air.  It  has  been  ftated  to  be  eflential  to 
the  aeriform  ftate,  and  fome  have  gone  as  far  as  to  conjecture,  that  the  additaments, 
which  together  with  water  form  the  diftinCt  aerial  fluids,  may  be  either  not  pon- 
derable, or  in  quantity  extremely  minute.  Various  conjectural  theories  have 
alfo  been  brought  forward  relative  to  the  primary  or  moft  Ample  component- 
parts  of  nitrous  acjd  and  fixed  air,  which  to  me  appear  to  require  much  more 
mature  reflection  and  decifive  experiment  on  the  part  of  their  authors,  before  it 
may  be  proper  to  difcufs  their  merits  in  an  elementary  work.*  If  the  water  pro- 
duced in  this  capital  experiment  be  fuppofed  to  be  merely  depofited  from  the 
aerial  ingredients*  it  will  be  neceffary  that  this  hypothefis  fhould  be  confirmed  by 
fome  facts  or  experiments  upon  the  airs  fingly,  for  the  purpofe  of  (hewing  that 
they  really  contain  water  in  fo  large  a proportion.  But  if  on  the  other  hand  it 
be  affirmed  that  thefe  fluids  do  combine  and  aff  ird  water,  it  appears  incumbent 
on  the  maintainers  of  this  doCtrine  to  make  the  experiment,  with  a ftriCt  atten- 
tion to  quantity : that  is  to  fay,  the  weights  of  the  inflammable  and  vital  airs 
muft  in  the  firft  place  be  accurately  determined  ; and  in  the  next  place,  the  weight' 
of  water  which  they  afford  by  combuftion,  together  with  that  of  the  refidue, 
which  eludes  that  procefs.  A very  elaborate  apparatus  is  defcribed  at  length,, 
with  engravings  to  admeafurement,  in  the  Elements  of  Chemiftry  of  Lavoifier. 
Its  purpofe  is  to  facilitate  the  combuftion  of  a large  quantity  of  thefe  fluids. 
The  principal  artifice  confifts  in  a double  lever  or  beam,  like  that  of  a balance,, 
at  one  extremity  of  which,  with  a proper  contrivance  for  keeping  it  in  the  fame 
vertical  line,  is  fufpended  a copper  cylinder  to  be  ufed  inftead  of  the  jar  of  the 
pneumatic  apparatus,  with  its  mouth  immerfed  in  water.  At  the  other  end  is  a. 
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difh  or  fcale,  into  which  weights  may  be  put  to  regulate  the  preflure  or  force  by 
which  this  cylinder  tends  either  to  rife  or  fall.  It  would  require  a treatife  of 
fome  length,  together  with  engravings,  to  explain  and  difcufs  the  methods  re- 
quired to  afcertain  the  temperature  and  preflure  of  the  included  fluid,  to  facili- 
tate the  fupply,  and,  in  a word,  to  make  this  delicate  and  important  experiment 
with  the  requilite  precilion.  I muft  therefore  of  neceflity  refer  the  reader  to  the 
laft  mentioned  treatife,  as  well  as  to  the  8th  and  9th  volumes  of  the  Annal'es  de 
Chimie,  where  the  experiments  at  large  of  Fourcroy,  Vauquelin,  and  Seguin 
are  inferred.  And  for  the  fame  reafon,  after  giving  a fhort  account  of  their  ex- 
periments, I (ball  only  make  a few  remarks  relative  to  the  caufes  and  limits  of  error, 
which  certainly  require  a more  minute  and  feparate  inveftigation  than  I can  pre- 
tend to  make  in  this  place.  The  refults  of  the  experiments  of  thefe  chemifts,  as 
I find  them  in  Dr.  Pearfon’s  Tranflation  of  the  new  Nomenclature,  which  I 
have  compared  with  the  original  in  the  Annales  de  Chimie,  are  as  under  : 

To  obtain  the  inflammable  air.  1.  Zinc  was  melted  and  rubbed  into  a pow- 
der in  a very  hot  mortar.  2.  This  metal  was  diflolved  in  concentrated  vitriolic 
acid  diluted  with  feven  parts  of  water.  The  air  procured  was  made  to  pafs 
through  cauftic  alkali.  To  obtain  the  vital  air,  two  pounds  and  a half  of  cryf- 
tallized  marine  fait  of  vegetable  alkali,  with  excefs  of  vital  air  (fee  p.  27), 
were  diftilled,  and  the  air  was  transferred  through  cauftic  alkali.  This  experi- 
ment was  begun  on  Wednefday  May  13,  1790,  and  was  finilhed  on  Friday  the 
22d  of  the  fame  month.  The  combuftion  was  kept  up  1 85  hours  with  little 
interruption,  during  which  time  the  machine  was  not  quitted  for  a moment. 
The  experimenters  alternately  refrefhed  themfelves  when  fatigued,  by  lying  for  a 
few  hours  on  matrafles  in  the  laboratory. 

The  volume  of  inflammable  air  employed  was  25963,563  cubic  inches,  and 
the  weight  was  1039,358  grains. 

The  volume  of  vital  air  was  12570,942,  and  the  weight  was  6209,869 
grains. 

The  total  weight  of  both  elaftic  fluids  was  7249,227. 

The  weight  of  water  obtained  was  7244  grains,  or  12  ounces  4 gros  45 
grains. 

The  weight  of  water  which  fliould  have  been  obtained  was  12  ounces  4 gros 
49,227  grains. 

The  deficit  was  4,227  grains. 

The  value  of  azotic  or  phlogifticated  air  before  the  experiment  was  415,256 
cubic  inches,  and  at  the  clofe  of  it  467.  The  excefs  after  the  experiment  was 
confequently  51,744  cubic  inches.  This  augmentation  is  to  be  attributed,  the 
academicians  think,  to  the  (mail  quantity  of  atmolpheric  air  in  the  cylinders  of 
the  gazometers,  at  the  time  the  other  airs  were  introduced.  Thefe  additional 
51  cubic  inches  could  not  arife  from  the  inflammable  air,  for  experiment  (bewed 
that  it  contained  no  azotic  air.  Some  addition  of  this  laft  fluid,  the  experimenters 
think,  cannot  be  avoided,  on  account  of  the  conftruCtion  of  the  machine. 

The  water  being  examined,  was  found  to  be  as  pure  as  diftilled  water.  Its 
fpecific  gravity  to  diftilled  water  was  as  18671  : 18670. 

Upon  thefe  experiments  I (hall  remark,  1.  That  the  elaftic  fluids  were  pro- 
duced very  flowly.  2.  That  the  confining  medium  was  water.  3.  That  the 
weight  of  the  refpeCtive  quantities  of  thefe  fluids  could  not  be  afcertained  by  any 
procefs  applicable  to  the  whole  mafs  of  each,  but  was  deduced  by  admeafure- 
ment,  with  corrections  for  temperature,  the  preflure  of  the  atmofphere,  and  the 
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arrangement  of  the  apparatus.  4.  That  this  admeasurement  in  cubic  inches  was 
reduced  into  weight  by  the  application  of  an  elementary  number,  exprefling  re- 
fpedlively  the  weight  of  a cubic  inch  of  each  of  the  fluids.  5.  That  this  ele- 
mentary number  was  obtained  by  an  experiment  of  weighing  about  810  cubic 
inches  of  each  of  the  fluids  in  a glafs  globe,  the  evacuation  and  repletion  of 
which  was  effected  by  means  of  the  air  pump.  6.  That  the  glafs  veflel  when 
empty  weighed  24179  grains,  and  its  contents  of  inflammable  air  35-y  grains. 
I fuppofe  that  the  ± grain  was  the  minuted  quantity  capable  of  being  difcerned 
by  the  balance  thus  loaded  ; and  this  being  about  the  10, oooth  part  of  the  load 
in  one  fcale,  is  certainly  a confiderable  degree  of  accuracy.  An  error  of  ~ of 
a grain  in  this  part  of  the  procefs  would  affect  the  number  exprefling  the  weight 
of  inflammable  air  in  the  third  figure,  without  mentioning  other  caufes  of  inaccu- 
racy. That  refult  may  therefore,  at  beft,  be  confidered  as  eftimate  in  all  the  figures 
but  the  three  firft.  7.  The  vital  air  was  near  fixteen  times  as  heavy  as  the  inflam- 
mable air,  and  may  therefore,  as  far  as  relates  to  this  caufe  of  inaccuracy,  be 
admitted  nearly  to  four  places  of  figures.  8.  The  expanfions  and  contractions  of 
thefe  fluids'at  different  temperatures,  were  reduced  by  computation  from  the 
experiments  of  Morveau  and  Duvernois,  which  experiments  were  made  upon 
fmall  quantities  only.  But  on  the  other  hand  it  mud  be  allowed,  that  this  pro-- 
cefs  was  fo  managed  as  to  require  very  little  correction  on  thefe  accounts,  9, 
What  may  be  the  limit  or  magnitude  of  the  errors  arifingfrom  their  admeafure- 
ment  of  cubic  inches  is  not  fo  eafjr  to  determine,  becaufe  it  requires  not  only 
information  refpecting  the  form  and  'magnitude  of  the  meafures  made  ufe  of,  but 
likewife  the  facility  with  which  the  moveable  parts  of  their  apparatus-  adapted 
themfelves  to  the  variations  of  circumftances.  This  department  does  not  exhibit 
much  probability  of  error ; but  fuch  as  it  may  be,  it  affedts  the  elementary  cubic 
inch  ufed  in  the  computations  of  weight. 

Yet  upon  the  whole,  as  the  fidelity  of  thefe  philofophers  can-not  be  fufpedted, 
as  the  produdt  of  water  fo  remarkably  coincides  with  the  weight  of  the  air  which 
was  burned,  as  there  was  no  veftige  of  acid  produced,  and  the  refidue  of  azotic 
air  was  not  greater  than  might  be  accounted  for  on  the  fuppofition  of  original 
impurity;  the  experiment  may  be  admitted  to  prove  that  vital  and  inflammable 
air  in  certain  due  proportions  do  unite  at  the  temperature  of  moderate  com buftion^ 
and  form  water.  Whether  thefe  principles  may  in  any  other  proportion,  0/  at 
any  different  temperature,  or  by  any  order  of  arrangement  as  to  primary  and  fe- 
condary  compofition,  produce  any  other  refult,  are  circumffances  which,  for  any 
thing  we  know,  are  within  the  limits  of  po-flibility,  but  it  does  not  appear  from 
any  fads  we  poflefs,  that  this  really  happens. 

Subfequent  to  the  alledged  decompofition  of  water  by  means  of  iron,  Meflrs. 
Paets,  Van  Trooftwyk  and  Deiman  gave  an  account  of  fome  experiments  by  which 
they  produced  gradually  a quantity  of  air  from  water,  and  inftantly  caufed  it  to 
difappear.  Their  own  account  is  inferted  in  the  Journal  de  Phyfique  forNovem- 
ber  1789.  They  filled  with  diftilled  water  a glafs  tube  f of  an  inch  diameter, 
and  12  inches  long,  Englifh  meafure.  One  extremity  of  this  tube  was  hermetic 
cally  fealed  ; but  at  the  time  of  fealing,  a fmall  gold  wire  was  inferted,  and  by 
that  means  pafled  through  the  glafs  into  the  tube  for  the  length  of  one  inch  and 
a half.  At  the  diftance  of  4 of  an  inch  from  the  end  of  this  wire,  another  wire 
was  placed  in  the  tube,  which  came  out  at  the  open  end  into  a fmall  veflel  of 
diftilled  water  in  which  that  end  was  immerfed.  For  the  purpofe  of  pafling  the 
eledtric  commotion  through  thefe  wires,  and  confequently  through  the  water 
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between  them,  the  fealed  end  of  the  tube  with  its  wire  was  applied  to  an  infulated 
copper  ball  at  a certain  diftance  from  the  prime  condudor  of  their  eledrical 
machine,  at  the  fame  time  that  the  extremity  of  the  other  wire,  which  paffed 
through  the  veffel  filled  with  water,  was  made  to  communicate  with  the  external 
furface  of  an  electrical  jar  of  one  foot  fquare,  the  knob  of  which  touched  the 
prime  condudor. 

When  the  eledric  fhock  was  paffed  through  the  water  with  a very  fmall  inter- 
val between  the  copper  ball  and  the  condudor,  nothing  of  confequence  hap- 
pened ; but  when  the  diftance  and  confequently  the  fhock  was  increafed,  fo  that 
the  extremity  of  each  wire  became  tipped  with  light,  a great  number  of  very 
minute  bubbles  of  air  were  produced  at  each  commotion,  which  had  the  appear- 
.ance  of  a continual  flux  between  the  two  extremities.  This  production  of  air 
was  more  confiderable,  and  the  bubbles  at  the  fame  time  larger,  when  the  dif- 
tance between  the  copper  ball  and  the  prime  condudor  was  increafed,  fo  that 
fometimes  a fmall  fpark  was  feen  to  pafs  from  the  upper  wire  into  the  water. 
The  air  obtained  in  this  manner  occupied  the  upper  part  of  the  tube,  and  gra- 
dually increafed  in  quantity  by  the  continuance  of  the  procefs,  until  the  water 
became  depreffed  below  the  extremity  of  the  upper  wire.  At  this  inftant  the 
eledric  fpark,  which  palled  through  a fmall  portion  of  the  air  from  the  upper 
wire  to  the  water,  let  fire  to  the  air,  precifely  in  the  fame  manner  as  happens 
with  a mixture  of  inflammable  and  vital  air,  and  the  whole  difappeared,  except- 
ing a very  fmall  refidue.  This  refidue  being  taken  out,  the  experiment  was 
again  repeated  with  the  fame  fuccefs.  The  experiment  was  repeated  feveral 
times"  with  the  fame  refulr ; excepting  only,  that  the  refidue  of  air  after  each 
inflammation  appeared  to  be  lets  and  lefs. 

Several  chemifts  found  it  difficult  to*  repeat  this  experiment,  on  account 
of  the  facility  with  which  the  eledric  fhock  from  wires  under  water  breaks  the 
containing  tube.  To  prevent  this  effed,  thefe  philofophers  were  careful  that  the 
diftance  between  the  two  wires  fhould  be  too  great  for  a fpark  to  pafs  from 
the  one  to  the  other.  And  Dr.  Pearfon,  before  whom  the  experiment  was  lately 
repeated  by  Mr.  Cuthbertfon,  afferts  that  the  difcharges  were  interrupted  ; by 
which  word  eledricians  commonly  underftand,  that  part  of  the  circuit  is  an 
•imperfed  condudor.  It  is  probably  of  confequence  that  the  ftream  of  eledricity 
fhould  be  kept  up  almoft  fteadily,  when  the  expanfion  from  the  extricated  bub- 
bles has  once  been  produced.  The  plate  machine  of  32  inches  diameter  ufed 
by  thefe  philofophers,  whs  fo  powerful,  as  to  occafion  nearly  two  full  explollons 
from  a fquare  foot  of  glafs  in  each  turn.  The  fmaller  fhocks  here  mentioned 
.mu  ft  therefore  have  been  extremely  numerous. 

Dr.  Prieftley  has  lately  publifhed  in  a feparate  pamphlet,  experiments  on  the 
generation  of  air  from  water.  When  fteam  is  made  to  iffue  from  the  end  of  a 
glafs  or  copper  tube  into  a recipient  containing  water,  every  bubble  of  fteam 
collapfes  into  a fmall  bubble  of  permanent  air.  This  is  generally  much  purer 
than  common  air,  and  is  not  found  by  the  reft  of  a candle  to  contain  any  mixture 
of  inflammable  air.  There  are  fome  unaccountable  circumftances  attending  this 
.experiment.  The  quantity  of  air  is  greatly  diminiflied  if  the  fteam  be  paffed 
through  mercury,  even  though  the  mercury  be  as  hot  as  the  fteam  itfelf.  The 
produdion  is  alfo  much  lefs,  if  the  fteam  be  condenfed  in  part  before  it  paffes 
into  the  water,  which  may  be  done  by  cooling  the-outfide  of  the  pipe.  The 
produdion  does  not  appear  to  be  affeded  by  the  previous  purging  of  the. water 
from  air,  by  boiling  or  otberwife.  Dr.  Prieftley  varied  the  experiment,  by  ufing 
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the  fame  water  Repeatedly  confined  by  mercury.  He  repeated  the  procefs  till 
he  was  thoro^hlyTatisfied,  that  the  air  was  really  produced  and  not  extricated 
from  the  waters  There  is  another  procefs,  ufed  by  Dr.  Prieftley,  in  which  air  is  ex- 
tricated from  water,  by  filling  a glafs  velfel  with  that  fluid,  the  neck  of  which 
velfel  was  narrow  and  of  the  length  of  a barometer  tube.  When  the  bulb  or 
body  is  full  and  the  tube  is  empty,  mercury  is  poured  in  till  the  water  rifes  to  the 
top  of  the  tube.  In  this  fituation,  the  whole  is  to  be  inverted  over  mercury 
like  a common  barometer.  The  mercury  then  defcends  and  occupies  the  lowed; 
place,  namely  the  tube  itfelf,  and  the  water  above  it  is  thus  defended  from  the 
preffure  of  the  atmofphere,  more  completely  than  in  the  vacuum  of  an  air  pump. 
Dr.  Prieftley  finds  that  the  water  in  one  of  the  velfels  in  this  fituation,  has  given 
out  air  for  upwards  of  a twelvemonth.  Thefe  experiments,  though  loofely 
related,  and  given  without  any  numerical  indication  as  to  quantity,  are  curious, 
and  deferve  to  be  repeated.  Whether  the  quantities  of  air  thus  obtained  by 
Dr.  Prieftley  were  before  in  a mere  date  of  mixture  with  the  water,  as  they  do 
not  feem  to  have  been  confiderable,  relative  to  its  bulk  or  weight ; in  which  cafe 
his  experiments  will  point  out  nothing  more  than  a better  method  of  purging 
water  of  its  air  ; or  whether  they  lead  to  new  deductions,  refpeCling  the1  compo- 
fition  of  water,  muft,  it  fhould  feem,  be  decided  by  additional  experiments. 

WATERS,  MINERAL.  The  examination  of  mineral  waters  with  a view  to 
afcertain  their  ingredients,  and  thence  their  medical  qualities  and  the  means  of 
compounding  them  artificially,  is  an  objeCt  of  confiderable  importance  to  fociety. 
It  is  likewife  a fubjeCt  which  deferves  to  be  attended  to,  becaufe  it  affords  no 
mean  opportunity  for  the  agreeable  practice  of  chemical  (kill.  But  this  invefti- 
gation  is  more  especially  of  importance  to  the  daily  purpofes  of  life,  and  the  fuc- 
cefs  of  manufactures.  It  cannot  but  be  an  interefting  objeCt  to  afcertain  the  com- 
ponent parts  and  qualities  of  the  waters  daily  confirmed  by  the  inhabitants  of 
large  towns  and  vicinities.  A very  minute  portion  of  unwholefome  matter  daily 
taken,  may  conftitute  the  principal  caufe  of  the  differences  in  falubrity,  which 
are  obfervable  in  different  places.  And  with  regard  to  manufactures,  it  is  well 
known  to  the  brewer,  the  paper-maker,  the  bleacher,  and  a variety  of  other 
attifts,  of  how  much  confequence  it  is  to  them  that  this  fluid  fhould  either  be 
pure,  or  at  leaft  not  contaminated  with  fuch  principles  as  tend  to  injure  the  qua- 
lities of  the  articles  they  make.  This  analyfis  has  accordingly  employed  the 
attention  of  the  firft  chemifts.  Bergman  has  written  an  exprefs  treatife  on  the 
ftibjeCl,  which  may  be  found  in  the  firft  volume  of  the  Englifh  tranflation  of  his 
Effays.  Fourcroy  has  written  largely  on  this  fubjeCt,  and  Chaptal  in  his  Ele- 
ments of  Chemiftry  has  given  a very  concife  and  perfpicuous  account  of  mineral 
waters,  and  the  methods  of  examining  them.  As  my  own  experience  has  not 
fuggefted  to  me  any  addition  to  the  methods  collected  and  pointed  out  by  thefe 
and  other  eminent  chemifts;  I have  thought  it  beft  in  this  place  to  give  the 
method  of  examination  from  Wiegleb’s  General  Syftem. 

The  topography  of  the  place  where  thefe  waters  rife,  is  the  firft  thing  to  be 
confidered.  By  examining  the  ooze  formed  by  them,  and  the  earth  or  ftones 
through  which  they  are  ftrained  and  filtered,  fome  judgment  may  be  formed  of 
their  contents.  In  filtering  through  the  earth,  and  meandering  on  its  furface, 
they  take  with  them  particles  of  various  kinds,  which  their  extreme  attenuation 
renders  capable  of  being  fufpended  in  the  fluid  that  ferves  for  their  vehicle. 
Hence,  we  (hall  fometimes  find  in  thefe  waters,  filiceous,  calcareous,  or  argillaceous 
earth,  and  at  other  times,  though  lefs  frequently,  fulphur,  magnefian  earth, 
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or,  from  the  decompofition  of  aerated  iron,  ochre.  Thus  Count  Razou- 
mowfki  found,  that  the  tepid  fpring  at  Loefch,  in  the  Vallais  in  Switzerland, 
contained  iron  impregnated  with  fixed  air  but  that  this  martial  fait  being 
very  eafily  decompofed,  by  reafon  of  the  warmth  of  the  water,  remained  fuf- 
pended  by  means  of  the  inteftine  motion  occafioned  by  this  warmth,  and  turned 
the  filver  that  was  plunged  into  it,  yellow.  Befides  the  fubftances  above  men- 
tioned, mineral  waters  contain  many  others  adtually  dilfolved  in  them,  in  abundr 
ance,  viz.  aerial  acid  or  fixed  air,  mineral  alkali,  Glauber’s  fait,  calcareous  and 
magnefian  earth,  felenite,  calcareous  and  magnefian  nitre,  vitriol,  alum,  aerated 
iron,  martial  vitriol  combined  with  iron  more  or  lefs  calcined,  combinations  of  iron 
with  the  muriatic  acid,  liver  of  fnlphur,  hepatic  gas;  and  finally  extradive  matter, 
furnifhed  by  the  bogs  through  which  they  may  have  been  (trained,  before  they 
emerge  into  the  air  in  the  form  of  fprings.  Vitriol  of  copper  is  feldom  found  in 
mineral  waters;  it  is  only  in  the  fubterraneous  waters  which  flow  over  copper 
ores,'  that  veftiges  of  it  are  found.  Sedative  fait  has  hitherto  been  found  in  the 
water"  of  the  lake  of  Monterotondo  only.  Arfenic  is  (till  rarer,  though  the  ancient 
chemifts  pretended  to  have  found  it  in  many  mineral  waters.  Inflammable  gas 
being  generally  the  produd  of  putrefadtion,  is  feldom  found  in  fpring  waters ; 
and  though  it  is  often  met  with  in  (till  waters  that  fiagnate  on  the  furface,  it 
occurs  but  very  feldom  in  the  fpring  itfelf.  So  likewife,  the  vegetable  alkali, 
being  produced  by  the  decompofition  of  vegetables,  is  merely  an  adventitious 
ingredient  in  fpring  waters.  Th'e  cafe  is  the  fame  with  refped  to  vitrio- 
lated  tartar  and  nitre ; the  laft  however  occurs  more  frequently  than  other 
matters.  Volatile  alkali  being  produced  chiefly  by  the  decompofition  of  animal 
fubftances,  is  feldomer  met  with.  It  is  but  of  late  that  terra  ponderofa,  magnefia, 
and  the  different  combinations  of  thefe  fubftances  have  been  found  in  mineral 
waters. 

Laftly,  as  the  acids  always  tend  to  combine  with  other  fubftances,  it  is  hardly 
poflible  to  find  them  here  in  an  uncombined  ftate. 

From  this  fynoptical  view  of  the  different  ingredients  contained  in  mineral 
waters,  it  is- evident,  that  thefe  fubftances  occur  in  two  different  diftindt  ftates, 
viz.  1.  As  being  fufpended  in  them  : and  2.  as  being  difl'olved  in  them  in  the 
form  of  a fait. 

The  inveftigation  of  mineral  waters  confifts : 1.  In  the  examination  of  them 
by  the  fenfes.  2.  In  the  examination  of  them  by  re-agcnts.  3.  In  the  analyfis 
properly  fo  called. 

The  examination  by  the  fenfes  confifts  in  obferving  the  effedt  of  the  water  as 
to  appearance,  fin  ell  and  tafte. 

The  appearance  of  the  water,  the  inftant  in  which  it  is  pumped  out  of  the  well, 
as  well  as  after  it  has  flood  for  fome  time,  affords  feveral  indications,  from  which 
we  are  enabled  to  form  a judgment  concerning  its  contents.  If  the  water  is  turbid 
at  the  well,  the  fubftances  are  fufpended  only,  and  not  dilfolved  ; but  if  the  water 
is  clear  and  tranfparent  at  the  well,  and  fome  time  intervenes  before  it  becomes 
turbid,  the  contents  are  difl'olved  by  means  of  fixed  air. 

The  prefence  of  this  gas  is  likewife  indicated  by  fmall  bubbles  that  rife  from 
the  bottom  of  the  well,  and  burft  in  the  air  while  they  are  making  their  efcape, 
though  the  water  at  the  fame  time  perhaps  has  not  an  acid  tafte.  This  is  the 
cafe,  according  to  Count  Razoumowfki,  with  refpedt  to  the  tepid  fpring  in 
Vallais,  and  the  cold  vitriolated  chalybeate  fprings  at  Aftracan.  But  the  mofi: 
evident  proof  of  a fpring  containing  fixed  air,  is  the  generation  of  bubbles  on  the 
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water  being  lhaken,  and  their  burning  with  more  or  lefs  noife,  while  the  air  is 
making  its  efcape. 

The  fediment  depofited  by  the  water  in  the  well  is  likewife  to  be  examined  ; 
if  it  be  yellow,  it  indicates  the  prefence  of  iron  ; if  black,  that  of  iron  combined 
with  fulphur  ; but  chalybeate  waters  being  feldom  fulphurated,  the  latter  occurs 
very  rarely.  As  to  the  colour  of  the  water  itfelf,'  there  are  few  inffances  where 
this  can  give  any  indication  of  its  contents,  as  there  are  not  many  fubftances  that 
colour  it. 

The  odour  of  the  water  ferves  chiefly  to  difcover  the  prefence  of  fulphur  in  it : 
fuch  waters  as  contain  this  fubftance,  fmell  of  liver  of  fulphur,  or  rotten  eggs. 

The  tafte  of  a fpring,  provided  it  be  perfeftly  afcertained  by  repeated  trials, 
may  afford  fome  ufeful  indications  with  refpeft  to  the  contents.  It  may  be  made 
very  fenlible  by  tailing  water,  in  which  the  various  falts  that  are  ufually  found  in 
fuch  waters  are  diflolved  in  various  proportions.  There  is  no  certain  dependance 
however  to  be  placed  on  this  mode  of  invefligation ; for  in  many  fprings,  the 
taffe  of  Glauber’s  fait  is  difguifed  by  that  of  the  fea  fait  united  with  it.  The 
water  too  is  not  only  to  be  tailed  at  the  fpring,  but  after  it  has  flood  for  fome 
time.  This  precaution  mud  be  particularly  obferved,  with  refpeft  to  fuch 
waters  as  are  impregnated  with  fixed  air  ; for  the  other  fubftances  contained  in 
them  make  no  impreffion  on  the  tongue,  till  the  fixed  air  has  made  its  efcape  j 
and  it  is  for  the  fame  reafon  that  tliefe  waters  mull  be  evaporated  in  part,  and  then 
tailed  again. 

Though  the  fpecific  gravity  of  any  water  contributes  but  very  little  towards 
determining  its  contents.  Hill  it  may  not  be  entirely  ufelefs  to  know  the  fpecific 
weight  of  the  water,  the  fituation  of  the  fpring,  and  the  kind  of  fediment  depofed 
by  ir. 

The  examination  of  the  water  by  means  of  re-agents  (hews  what  they  contain, 
but  not  how  much  of  each  principle.  In  many  inftances  this  is  as  much  as  the 
enquiry  demands ; and  it  is  always  of  ufe  to  direft  the  proceedings  in  the  proper 
analylis. 

It  is  abfolutely  neceflary  to  make  the  experiment  with  water  juft  taken  up 
from  the  fpring,  and  afterwards  with  fuch  as  has  been  expofed  for  fome  hours  to 
the  open  air  ; and  Sometimes  a third  effay  is  to  be  made  with  a portion  of  the 
water  that  has  been  boiled  and  afterwards  filtered.  If  the  water  contains  but 
few  faline  particles,  it  mull  be 'evaporated  ; as  even  the  moft  fenfible  re-agents, 
fuch  as  the  Solution  of  filver,  and  the  falts  formed  by  the  union  of  the  terra  pon- 
derofa  with  the  nitrous  and  muriatic  acids  do  not  in  the  leaft  affeft  it,  if  the  falts 
whofe  prefence  is  to  be  discovered  by  them  are  diluted  with  too  great  a quantity 
of  water.  ' Now,  it  may  happen,  that  a water  fhall  be  impregnated  with  a conli- 
derable  number  of  faline  particles  of  different  kinds,  though  fome  of  them  may 
be  prefent  in  too  Small  a quantity  : for  which  reafon  the  water  mull  be  examined 
a Second  time,  after  having  been  boiled  down  to  three  fourths. 

The  fubftances  of  which  the  prefence  is  difcoverable  by  re-agents,  are  : 

A.  Alkalis  and  earths  combined  with  aerial  acid. 

Paper  ftained  with  brazil  wood,  will  difcover  the  prefence  of  thefe  fubftances 
in  the  water  : if  the  water  contains  the  fmalleft  portion  of  alkali,  they  will  change 
its  red  hue  into  a colour  partaking  more  or  lefs  of  the  violet.  A Hill  greater 
degree  of  fenfibility  is  fhewn,  according  to  Mr.  Watt’s  experiments,  by  the  tinc- 
ture of  the  leaves  of  the  braffica  rubra,  as  well  as  by  that  of  rofe  leaves. 
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(a)  Alkaline  Jalts. 

The  tafte  is  fometimes  fufficient  to  indicate  their  prefence  in  mineral  waters  im- 
pregnated with  aerial  acid,  after  thefe  waters  have  been  expofed  to  the  air  for 
fome  time  ; but  for  the  fake  of  producing  abfolute  convitftion,  let  a paper  ftained 
with  turmeric  be  dipped  in  the  water  previoully  warmed,  the  colour  of  this  is 
changed  by  alkaline  falts  only,  and  not  by  earths  ; now  if  the  colour  of  the 
paper  is  changed,  and  a quantity  of  fal  ammoniac  put  into  the  water  produces  a. 
fmell  of  volatile  alkali,  the  water  certainly  contains  fixed  alkali. 

(b)  Abforbent  earths. 

Water  which  does  not  change  the  colour  of  paper  ftained  with  brazil  wood  or 
litmus,  and  which,  after  having  been  boiled,  does  not  render  lime  water  turbid, 
contains  abforbent  earth  : if  this  earth  be  of  a calcareous  nature,  it  will  be  pre- 
cipitated by  the  acid  of  fugar,  provided  the  water  be  taken  frefii  from  the  pump  : 
but  not  after  it  has  been  boiled,  unlefs  indeed  a particle  or  two.  of  this  earth 
fhould  be  diflolved  in  another  acid,  but  in  this  cafe  the  fediment  will  not  be 
nearly  fo  confiderable  as  in  the  other.  The  cafe  is  the  fame  with  refped  to, 
barytes,  or  terra  ponderofa. 

(c)  A mixture  of  alkaline  falts  and  earth. 

The  water  having  been  examined  in  the  above-mentioned  method  for  the  pur- 
pofe  of  difcovering  the  alkaline  fait  in  it,  let  part  of  this  water  be  made  warm 
if  it  becorpes  turbid,  there  is  certainly,  excluftvely  of  the  alkali,  an  earth  diffolved 
in  it  by  means  of  fixed  air  ; befid.es  which,  it  is  poffible  the  alkali  may  hold  ano* 
ther  portion  of  earth  fufpended. 

B.  Neutral  falts  in  general . 

The  pureft  vinous  fpirit  ferves  to  difcover  their  prefence ; but  for  the  fake  of 
afcertaining  that  the  fubftance  precipitated  by  it,  is  a fait  perfectly  neutralized* 
the  water  mull  be  filtered,  as  foon  as  the  fubftance  has  fettled,  and  when  the. 
fpirit  is  evaporated,  the  refiduum  muft  be  tafted  ; , the  tafte  will  be  fufficient  jo- 
dired  the  experimenter,  with  refpeft  to  the  choice  of  his  re-agents. 

(a)  Vitriolic  falts  in  general. 

A few  drops  of  the  folution  of  terra  ponderofa  in  the  muriatic  acid,  will  be 
fufficient  to  difcover  the  fmalleft  particle  of  any  vitriolic  fait ; the  acid  of  which 
will  fall  down  combined  with  the  terra  ponderofa  in  the  baro.-feleni.te,  or  barytic 
vitriol. 

(by  Muriatic  falts  in  general. 

Waters  containing  thefe  falts,  throw  down  from  a folution  of  filver  in  nitrous 
acid,  a white  precipitate  (luna  cornea)  which  is  infoluble  in  nitrous  acid. 

(c)  A mixture  of  muriatic  and  vitriolic  falts. 

Firft,  let  a folution  of  the  terra  ponderofa  in  nitrous  aeid  be  poured  into  the 
water  till  nothing  more  be  precipitated  from  it  ; the  precipitate  being  feparated, 
let  a folution  of  filver  be  poured  into  the  filtered  liquor,  till  it  ceafes  to  yield  any 
precipitation.  The  former  of  thefe  precipitates  indicates  the  prefence  of  vitriolic, 
the  fecond,  that  of  muriatic  falts  y and  the  difference  in  the  quantity  of  the  fedi- 
ments  fhews  the  different  proportion  of  thefe  fubftane.es  in  water.. 

Cm  Earthy  falls. 

Alkali  faturated  with  fixed  air,  precipitates  the  earth  out  of  all  earthy  and'- 
metallic  falts.  But  to  know  whether  this  precipitate  be  of  a metallic,  or  merely 
of  an  earthy  nature,  the  experiment  muft  be  made  with  the  Pruffian  alkali.  Jf 
this  throws  down  no  precipitate,  the  former  fediment  was  mere  earth. 

(a)  Cal - 
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(a)  Calcareous  /alts. 

A few  grains  of  the  acid  of  fugar  will  difcover  thefe  falts,  provided  that  the 
•water  containing  them  has  been  previoufly  boiled ; if  a precipitate  is  formed, 
there  is  no  doubt  of  their  prefence. 

(b )  A mixture  of  calcareous  earth  and  calcareous  falts. 

In  order  to  afcertain  their  prefence,  the  water  muft  be  boiled  ; if  during  the 
boiling  an  earth  is  thrown  down,  which  after  having  been  diffolved  in  the  acetous 
acid,  forms  a precipitate  with  the  acid  of  fugar,  and  if  the  water  yields  at  the 
fpring  a ftill  greater  fediment  with  the  acid  of  fugar,  it  contains,  befides  a calca- 
reous fait,  a portion  of  calcareous  earth. 

(c)  A mixture  of  calcareous  earth  with  falls,  in  which  another  earth  is  contained. 

Let  a fmall  quantity  of  a folution  of  acid  of  fugar  be  poured  into  the  water  ; 
if  it  contains  calcareous  earth,  a precipitation  will  enfue.  To  the  fuperincumbent 
water,  after  it  has  been  decanted  off  from  the  earth  and  filtered,  a folution  of 
alkali  faturated  with  fixed  air  muff  be  added.  If  another  precipitation  enfues, 
there  is,  befides  the  calcareous  earth,  another  earthy  fait  in  the  water.  For  the 
purpofe  of  dif  overing  it,  a little  diluted  acid  of  vitriol  muft  be  poured  upon  the 
precipitate,  which  without  caufing  any  effervefcence  will  form  Epfom  fait,  if 
the  precipitate  be  muriatic  earth ; regenerated  heavy  fpar,  if  it  be  terra  ponde- 
rofa ; and  alum,  if  it  confifts  of  earth  of  alum. 

(d)  Muriated  or  aerated  barytes. 

If  the  water  be  fuppofed  to  contain  at  the  fame  time  terra  ponderofa  combined!! 
with  fixed  air,  and  the  fame  earth  in  a perfe£tly  faline  ftate,  means  muft  be 
ufed  analogous  to  thofe  that  are  employed  for  the  difcovery  of  calcareous  earth  j. 
which  is,  to  boil  the  water;  todiffolve  the  earth  which  precipitates  in  the  marine 
acid  ; and  then  try  whether  the  vitriolic  acid  will  produce  a precipitate  ; if  it 
docs,  the  water  contains  terra  ponderofa  aerata.  After  this,  let  fome  vitriolic  acid 
be  mixed  with  diftilled  boiling  water  ; when,  if  a precipitate  is  formed,  it  is 
owing  to  the  muriatic  fait  of  the  terra  ponderofa  contained  in  the  water. 

(e)  Alum. 

The  moft  fimple  means  of  difcovering  whether  water  of  any  kind  contains 
alum,  are,  to  boil  the  water  in  a very  clean  copper  veffel,  when,  if  it  contains 
alum,  it  will  exhibit  a blue  colour.  When  the  quantity  of  alum  in  the  water,  is. 
fmall,  the  blue  colour  is  not  fenfible  ; but  it  may  be  rendered  very  manifeft  by 
the  addition  of  a little  cauftic  volatile  alkali.  This  method  of  difcovering  alum 
in  water  by  means  of  copper,  is  founded  on  the  property  of  this  fait,  in  virtue 
of  which  it  always  exifts  with  an  excefs  of  acid  : it  is  this  furplus  of  acid  which 
a<fts  upon  the  copper.  A more  certain  method  is  to  pour  a folution  of  fixed 
alkali  into  the  water,  and  to  fee  whether  the  precipitate  made  by  this  means 
ftitfolves  in  water  impregnated  with  fixed  air  ; if  it  does,  it  is  not  earth  of 
aitftn. 

D.  Metallic  falts. 

Nothing  is  better  adapted  to  the  purpofe  of  difcovering  the  prefence  of 
metallic  falts  in  waters,  than  the  Prufiian  alkali  purified  by  acids.  If  a folution 
of  this  alkali  be  poured  into  this  water,  after  it  has  been  expofed  for  fome  time- 
to  the  air  filtered,  it  makes  a precipitate,  which  will  be  blue,  if  the  water  con- 
tains iron  ; brown,  if  it  contains  copper  and  white,  if  it  contains  zinc.  In  cafe 
the  Prufiian  alkali  is  not  at  hand,  a folution  of  fixed  alkali  may  be  ufed  in  its 
ftead..  This  with  iron  forms  a yellow  ; with  copper,  a green  ; and  with  zinc, 
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a white  precipitate.  This  lad  precipitate  becomes  yellow,  when  expofed  to  the 
a&ion  of  the  fire. 

(a)  Aerated  iron. 

Water  which  contains  aerated  iron  has  its  colour  changed  by  an  infufion 
of  galls,  but  not  by  the  Pruffian  alkali ; however,  after  fuch  water  has  been 
expofed  for  fome  time  to  the  air,  the  iron  is  precipitated  out  of  it,  and  it  ceafes 
to  be  affe&ed  by  this  infufion.  If  a water  exclufively  of  this  aerated  iron 
contains  an  alkaline  fait,  the  colour  ftruck  by  the  infufion  of  galls  is  rather  red 
than  violet. 

Iron  not  much  calcined  and  dijjolved  in  mineral  acids. 

Iron  calcined  to  a certain  point,  will  diffolve  in  vitriolic  acid  ; but  if  it  has 
been  too  much,  it  is  not  foluble  in  this,  although  it  be  in  the  muriatic  acid. 
If  the  iron  contained  in  the  water  be  in  this  latter  ftate,  the  water  will  be 
made  blue  by  the  Pr,uffian  alkali,  but  will  not  be  affe&ed  by  an  infufion  of  galls. 
In  a water  of  this  kind,  let  a piece  of  poliihed  fteel  be  fteeped,  and  the  water 
evaporated  till  it  is  reduced  to  one  half.  Now,  acids  having  more  affinity  with 
iron,  while  it  retains  its  metallic  ftate,  than  after  it  has  been  deprived  of  it,  the 
iron  in  the  former  ftate  will  expel  that  in  the  latter,  and  at  the  fame  time  partly 
reduce  it  ; and  thereby  enable  it  to  ftrike  a black  or  deep  pur-ple  colour  with 
an  infufion  of  galls. 

(d)  Iron  in  two  different  Jlates  in  the  fame  water. 

A water  of  this  kind  depofits  ochre,  a fiiort  time  after  it  is  expofed  to  the 
air,  and  yields  at  the  fpring,  with  Pruffian  blue,  a green  or  olive-coloured  preci- 
pitate. 

E.  Cupreous  falts. 

Water  which  contains  thefe  falts,  acquires  a diftindt  blue  colour  from  a few 
drops  of  volatile  alkali,  and  yields  a brown  precipitate  by  the  addition  of  a little 
phlogifticated  alkali. 

F.  Salts  of  zinc. 

Water  that  contains  thefe  falts  affords  with  Pruffian  blue  a white  precipitate, 
which  becomes  yellow  in  the  fire,  and  turns  white  again  as  foon  as  it  is  cold. 

G.  Arfenic. 

If  this  fubftance  be  contained  in  the  water,  it  will  be  difcovered  by  pouring  a 
folution  of  volatile  liver  of  fulphur  into  the  water,  from  which  it  will  be  precipi- 
tated of  a yellow  colour.  A folution  of  gold  may  like  wife  be  ufed  for  this  pur- 
pofe.  The  water  may  likewife  be  boiled  down,  and  the  refiduum  be  thrown 
upon  live  coals ; if  it  frnells  of  garlic  the  water  contains  arfenic. 

H.  Combination  of  acids  with  manganefe. 

If,  on  a little  of  a folution  of  vegetable  alkali  being  poured  into  water,  a white 
precipitate  is  formed,  and  if  the  precipitate  becomes  black  in  the  fire,  and  is 
foluble  neither  in  the  nitrous  nor  vitriolic  acid,  the  water  contains  manganefe. 

I.  Liver  of  fulphur. 

Nitrous  acid  deftroys  the  odour  of  the  waters  which  contain  thefe  fubftances, 
and  feparates  the  fulphur.  On  the  other  hand,  the  vitriolic  and  common 
marine  acids  augment  the  fmell,  while  they  feparate  the  fulphur.  But  if  it  be 
requifite  to  render  the  fulphur  vifible,  the  experiment  mull  be  made  with  a con- 
fiderable  quantity  of  water,  and  the  whole  fuffered  to  ftand  undifturbed  for  fome 
time.  The  folutions  of  lead,  filver,  and  quickfilver  in  nitrous  acid,  and  the 
folution  of  corrofive  fublimate,  yield  with  a water  of  this  kind  a brown  or  elfe  a 
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black  precipitate  ; which,  when  dried,  will  burn,  on  a red  hot  (hovel,  with  a 
blue  flame  and  a fulphureous  flnell. 

K.  Hepatic  air. 

The  pure  vitriolic  and  the  phlogifticated  marine  acids  neither  augment  nor 
dimimfh  the  odour  of  the  water  that  contains  this  air  ; they  likewife  neither  ren- 
der it  turbid,  nor  do  they  precipitate  the  fulphur  ; this  laft  is  effe&ed  by  the 
dephlogifticated  nitrous  and  marine  acids,  though  in  a very  fmall  quantity 
only.  At  the  fame  time  too  they  deprive  the  water  of  its  offenlive  odour.  The 
flolutions  of  quickfilver,  lead,  and  filver,  do  not  yield  any  precipitate,  except 
there  is  a confiderable  quantity  of  this  air  employed  ; and  what  is  more  extra- 
ordinary, this  precipitate  does  not  burn  with  a flame.  The  folution  of  cor-, 
rofive  fublimate,  and  the  nitrous  folution  of  quickfilver  made  with  heat,  give 
with  this  kind  of  water  a white  precipitate.  The  calx  of  filver  turns  black  in 
it,  and  deprives  it  of  its  offenfive  odour  j it  lofes  this  fmell  likewife  in  a copper 
veffel,  after  remaining  in  it  a minute  or  two. 

In  order  to  obtain  a water  faturated  with  fulphureous  gas,  Dr.  Hahneman 
expofes  to  a white  heat,  for  a few  minutes  only,  a pounded  mixture  of  equal 
parts  of  fulphur  and  unflaked  or  frefh  flaked  lime;  and  throwing  half  an  ounce 
of  this  with  five  drachms  of  purified  tartar  into  a bottle  containing  two  pounds 
of  pure  luke-warm  water,  flops  it  quickly  with  a cork  ; and  after  (baking  it  for 
ten  minutes,  and  allowing  the  grofler  particles  to  fettle,  pours  off  the  milky  li- 
quor into  another  bottle,  and  mixes  it  by  agitation  with  three  or  four  tea- cups 
of  thick  cream,  or  half  an  ounce  or  two  ounces  of  gum  arabic,  or  half  an  ounce 
of  gum  tragacanth  bruifed.  Calcareous  hepar  requires  1920  parts  of  cold,  and 
840  of  warm  water  : calcareous  tartar  800  of  cold,  and  500  of  warm,  for  their 
folution. 

For  a warm  bath  he  takes  fourteen  ounces  of  calcareous  hepar,  and  one 
pound  of  cream  of  tartar  pounded,  and  ftirs  them  up  in  the  water  of  the  bath- 
ing-tub; or,  in  3001b.  of  water  made  warm  to  100  degrees,  he  agitates  three 
quarters  of  a pound  of  hepar,  made  with  pot-afh,  and  then  ftirs  up  with  ir 
very  brifkly  a quarter  of  a pound  of  ftrong  oil  of  vitriol. — Or  he  takes  four 
parts  of  fcales  of  iron  fufed  with  three  of  fulphur,  till  it  ceafes  to  yield  a blue 
flame  ; puts  half  a pound  of  this  mixed  with  five  pounds  of  water,  into  a bottle 
holding  eight  or  ten  pounds ; on  this  he  then  pours  a quarter  of  a pound  of 
oil  of  vitriol,  inftantly  flopping  it  with  a bladder  tied  over  and  pricked  with  a 
needle;  finks  it  to  the  bottom  of  a high  bathing- tub,  filled  with  warm  water, 
and  mixes  the  air  as  it  comes  out  by  agitation  with  the  water.  Vid.  Chetru 
Annal.  ii.  Stuck  1788.  Alfo  Hahneman,  ubem  die  Arfenickvergifung.  Leip- 
fick, 1786. 

L.  Fixed  Air. 

Waters  which  contain  fixed  air,  change  the  colour  of  tindture  of  litmus  to 
red  but  this  colour  muft  be  carefully  diftinguifhed  from  the  reddifii  hue  ex- 
hibited by  this  tindlure  when  diluted  with  a great  quantity  of  water,  from 
which  it  is  very  different.  According  to  Proleffor  Bergman’s  method,  lime 
water  msy  likewife  be  ufed,  a praftice  which  however  ftands  in  need  of  fome 
improvement.  When  a water  contains  a certain  but  fmall  quantity  of  fixed 
air,  it  does  not  change  the  colour  of  the  infufion  of  litmus ; and  in  this  cafe 
the  quantity  mull  be  afcertained  by  diftilling  the  water  in  a pneumatic  appa- 
ratus. The  tafte  of  the  water  indicates  the  prefence  of  this  fubftance,  only 
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when  the  water  contains  a certain  quantity  of  it ; for  it  is  by  no  means  to  be 
inferred,  when  the  water  does  not  tafte  four,  that  it  contains  no  fixed  air;  at 
the  contrary  circumftance  fometimes  takes  place.  A water  of  this  kind  ge- 
nerates bubbles  at  the  fpring,  which  burft  at  its  furface  with  fome  noife. 

The  analyfis  of  mineral  waters  Ihews  in  the  firft;  place,  how  much  of  each  of 
thefe  fubftances  is  contained  in  the  water  ; and  it  is  performed  by  evaporating 
the  water,  by  which  means  one  fubftance  is  obtained  after  another,  when  each 
of  them  is  weighed  feparate.  Some  mineral  waters  contain  volatile  particles, 
which  make  their  efcape  during  the  evaporation  of  the  water;  others  contain 
fuch  fubftances  as  are  liable  to  be  decompofed  by  evaporation,  or  may  more  or 
lefs  prevent  the  developement  ol^the  other  parts. 

Laftly,  all  of  them  contain  fixed  fubftances,  that  remain  behind  in  a dry  and 
concrete  ftate,  after  the  water  is  evaporated. 

A.  Separation  of  the  volatile  fubftances. 

( a ) In  water  which  contains  hepatic  air , thefe  fubftances  occur. 

If  nitrous  acid  be  poured  on  a portion  of  this  kind  of  water,  the  quantity  of 
fulphur  precipitated  by  it,  gives  the  quantity  of  the  hepatic  air  contained  in  the 
water  ; each  cubic  inch  of  the  latter  containing  a quarter  of  a grain  of  fulphur. 
(b)  Water  feparated  with  fixed  air. 

Part  of  fuch  water  is  to  be  evaporated  in  the  method  defcribed  a little  farther 
on.  From  another  portion  of  it,  according  to  Profeffor  Bergman,  the  air  is  to 
be  expelled,  and  afterwards  mixed  with  lime  water  for  the  purpofe  of  afcertain- 
ing  the  quantity  of  it.  If  Bergman’s  prefcription  be  followed  literally,  the  fixed 
air  will  be  loaded  with  vapours  of  the  water,  which  will  pafs  with  it  through 
the  mercury,  be  condenfed  on  its  furface,  and  afterwards  abforb  part  of  the  air. 
It  is  better  to  pafs  the  air  immediately  through  lime  water ; for  in  this  cafe,  one 
part  precipitates  along  with  the  calcareous  earth  which  it  meets  with  in  its  paf- 
fage,  as  does  likewife  the  remainder  if  the  apparatus  be  fhaken  a little.  This 
earth  too  muft  be  carefully  feparated  by  filtration.  Now  as  the  quantity  of 
fixed  air  contained  in  calcareous  earth,  and  its  fpecific  gravity,  is  very  well 
known,  it  is  very  eafy  to  make  an  accurate  eftimate  of  the  quantity  of  fixed  air 
that  is  contained  in  the  water  ; for  inftance,  if  half  a dram  of  calcareous  earth 
be  obtained,  the  water  contains  1 8-|  grains  of  fixed  air,  or  32  -A&Vo-V  cubic 
inches  ; allowing  with  Kirwan,  a cubic  inch  of  fixed  air  to  weigh  of  a grain. 

In  default  of  a pneumatic  apparatus,  provided  it  be  certain  that  the  water 
does  not  contain  any  fixed  alkali,  it  needs  only  to  be  mixed  with  four  times  its 
quantity  of  lime  water,  and  then  filtered. 

If  the  water  contains  alkali,  the  experiment  muft  Toe  made  twice,  viz.  firft  at 
the  fpring,  and  afterwards  when  the  water  has  been  boiled  ; the  weight  of  the  fe- 
cond  fedimenr  is  then  to  be  fubtradled  from  that  of  the  firft,  viz.  of  the  aerated 
earth,  and  it  will  appear  what  allowance  is  to  be  made  for  the  weight  of  the 
fixed  air. 

B.  Analyfis  of  the  volatile  alkaline  fubftances. 

If  a fubftance  of  this  kind  be  fufpedled  in  the  water,  let  part  of  it,  after  hav- 
ing been  weighed,  be  put  in  a retort,  and  about  one-third  of  it  drawn  off  by 
diftillation  ; a quantity  of  marine  acid  is  then  to  be  poured  on  the  diftilled  por- 
tion, till  the  faturation  is  complete  : the  fal  ammoniac  thus  obtained  is  then  to 
be  dried  and  weighed ; the  quantity  of  acid  in  the  fal  ammoniac  being  kndwn, 
6 it 


WAT 


( ) 


W A T 


it  is  eafy  to  eftimate  that  of  the  volatile  alkali  in  the  water.  Wenzel’s  eftimate 
of  the  volatile  alkali  contained  in  fal  ammoniac,  feems  to  be  more  exadt  than 
that  of  Bergman.  If  thefe  waters  contain  particles  that  may  be  either  eafil.y  de- 
compofed,  or  alter  the  produd  of  the  analyfis,  they  mull  be  treated  in  the  fol- 
lowing method  : 

C.  Separation  of  the  fubjlances  which  are  decompofed  during  the  evaporation  of  the 
water , and  which  prevent  the  feparation  of  the  other  ingredients. 

Thefe  fubftances  are,  liver  of  fulphur  and  metallic  falts.  The  acid  of  ful- 
phur which  was  difengaged  during  the  evaporation,  combines  with  the  alkaline 
fubftances  that  may  happen  to  be  contained  in  the  water,  and  changes  their  na- 
ture. In  metallic  falts  the  metal  becomes  calcined,  feparates  from  its  acid, 
and  enters  into  new  combinations  with  the  other  ingredients  of  the  water. 
Hence  the  liver  of  fulphur,  as  well  as  the  metallic  falts,  muft  be  decompofed, 
and  an  eftimate  made  of  the  quantity  in  which  they  are  prefent  in  the  water 
previous  to  undertaking  the  evaporation. 

(a)  Water  that  contains  liver  of  fulphur. 

For  the  purpofe  of  analyfing  a water  that  contains  liver  of  fulphur,  a quan- 
tity of  nitrous  acid  muft  be  poured  into  it  fufficient  to  precipitate  all  the  ful- 
phur. The  precipitate  is  then  to  be  feparated  and  weighed. 

(b)  Water  that  contains  metallic  falts. 

Pour  into  this  water  a folution  of  Pruffian  alkali,  previoufly  purified  by 
means  of  nitrous  acid  ; as  foon  as  the  precipitation  ceafes,  the  water  muft  be 
filtered,  and  the  precipitate  drained  and  weighed. 

D.  Separation  of  the  fixed  and  unchangeable  fubjlances. 

The  feparation  of  the  volatile  bodies,  and  of  fuch  as  may  prevent  the  fepa- 
ration of  the  fixed  and  unchangeable  fubftances,  having  been  effected  ; let  a cer- 
tain quantity  of  the  water  be  weighed,  and,  after  being  evaporated  to  drynefs, 
weighed  again.  The  evaporation  is  beft  performed  in  veffels  of  glafs  or  china. 
It  is  true  that  a gentle  heat  only  can  be  ufed  with  fuch  veffels,  and  that  confe- 
quently  the  evaporation  goes  on  but  flowly  in  them.  But  this  inconvenience 
is  balanced  by  the  certainty  the  operator  has  no  other  matter  united  with  it. 

In  whatever  manner  the  evaporation  is  performed,  the  refiduum  confifts  of 
falts  which  are  foluble  in  the  pureft  fpirit  of  wine,  of  fuch  as  are  foluble  in 
cold  water,  and  of  fuch  fubftances  as  cannot  be  diffolved  by  either  of  thefe 
menftrua.  Thefirft  thing  therefore  to  be  done,  is  to  pour  a quantity  of  recfti- 
fied  fpirit  of  wine  on  the  refiduum,  and  let  them  digeft  together  for  the  fpace 
of  a few  hours  in  a gentle  heat.  The  liquor  is  then  to  be  decanted  into  another 
veflbl,  in, order  that  its  contents  may  be  further  analyfed,  and  in  the  mean  time 
the  analyfis  of  the  remainder  is  to  be  continued.  With  this  view,  a quantity 
of  cold  water  is  to  be  poured  upon  the  refiduum,  which  muft  ftand  in  a gentle 
heat  for  the  fpace  of  fix  or  eight  hours,  and  be  Ihaken  now  and  then.  The 
water  is  then  to  be  decanted  off  into  another  glafs,  and  fome  frefli  water  added 
to  the  remainder  ; after  Handing  one  or  two  hours  longer,  the  water  in  both 
glafifes  is  to  be  mixed  and  filtered,  and  fet  apart  for  the  purpofe  of  examining  its 
contents.  Thefe  confift  of  falts  perfectly  neutralized,  and  vitriolic  falts,  exclu- 
fively  of  felenite.  That  part  of  the  refiduum  which  is  infoluble  in  water  and 
fpiric  of  wine,  confifts  of  different  earths,  of  the  felenite,  and  of  the  iron  that 
has  been  diffolved  in  the  fixed  air  of  the  water.  The  bodies  which  have  been 
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diffolved  in  both  liquids,  are  now  to  be  feparated  from  each  other,  as  mult  the 
fubftances  that  compofe  the  undiffolved  refiduum. 

A.  Separation  of  the  fubjiances  diffolved  in  the  fpiril  of  wine. 

Thefe  may  be  either  fedative  fair,  common  fait,  nitrous  acid  combined  with 
an  earth,  arfenic,  or  extractive  matter. 

There  are  three  methods  of  feparating  thefe  fubftances. 

Firji  method ., 

(a)  For  fedative  fait. 

The  vinous  fpirit  is  to  be  mixed  with  twice  its  quantity  of  diftilled  water,  and 
part  of  this  mixture  evaporated  ; if  this  be  fuffered  to  cryftallize,  fedative  fait  is 
obtained,  of  all  the  falts  that  are  foluble  in  fpirit  of  wine  the  only  one  that  is 
cryftallizable. 

( b )  Salts  with  a calcareous  bafts. 

If  the  re-agents  indicate  a calcareous  fait  in  the  water,  the  calcareous  earth  is 
to  be  feparated  by  the  acid  of  fugar  faturated  with  alkali.  The  quantity  of 
the  precipitate  thus  obtained,  gives  the  quantity  of  the  calcareous  fait  contained 
in  the  water.  The  fait  acquired  by  cryftallization,  whether  it  be  nitre  or  di- 
geftive fait,  (hews  with  what  acids  the  calcareous  earth  is  combined.  In  order 
to  feparate  this  fait  more  accurately,  the  liquor  may  be  evaporated  to  drynefs, 
and  the  foluble  part  of  the  refiduum  extraded  with  fpirit  of  wine;  confequently 
the  digeftive  fait  and  cubic  nitre,  being  infoluble  in  the  fpirit,  are  left  behind. 
After  thefe  are  feparated,  the  fpirit  muft  be  diluted  with  diftilled  water,  and 
the  undiffolved  fubftances  feparated  by  the  method  mentioned  below. 

( c)  Salts , the  bafts  of  which  is  heavy  earth , or  barytes. 

If,  in  confequence  of  the  analyfis  made  with  the  re-agents,  the  prefence  of  a 
fait  of  this  kind  is  fufpeded  in  the  water,  let  a folutioa  of  Glauber’s  fait,  or  vitri- 
olated  tartar,  be  poured  into  the  water.  After  this,  either  the  digeftive  fait,  or 
the  nitre,  whichfoever  it  be,  that  is  formed  by  this  decompofition,  muft  be 
feparated. 

(d)  Salts , the  bafts  of  which  is  magnefan  earth. 

If  the  water  contains  a portion  of  thefe  falts,  there  muft  be  added  a quantity 
of  fixed  alkali  to  the  liquor  that  is  left  after  the  preceding  experiment.  The 
confequence  of  this  will  be,  that  the  magnefia  will  be  precipitated ; and 
from  the  cryftals,  either  of  digeftive  fait  or  nitre,  which  may  be  feparated 
either  by  cryftallization  or  precipitation  with  fpirit  of  wine,  ic  will  appear 
with  what  acid  the  earth  was  united.  If  the  weight  of  thefe  laft  falts,  or  that 
of  the  precipitated  earth,  be  known,  the  quantity  of  Epfom  fait  in  the  water  may 
be  eafily  eftimated. 

(e)  Arfenic. 

If  there  be  any  reafon  to  fufpeCt  this  fubftance  in  the  water,  to  the  above- 
mentioned  liquor,  before  it  is  fuffered  to  cryftallize,  a fmall  quantity  of  vola- 
tile liver  of  fulphur  may  be  added ; the  arfenic  will  fpeedily  unite  with  the 
fulphur,  and  afterwards  the  digeftive  frit,  or  the  nitre,  whichfoever  of  thefe  is 
prefent,may  be  feparated  from  the  liquor. 

(f)  Extractive  matter. 

Laft  of  all,  the  extradive  matter  muft  be  feparated  from  the  fpirit  of  wine. 
"With  this  view,  the  liquor  that  remains  after  thefe  various  proceffes  muft  be 
evaporated  to  drynefs.  Some  particles  of  it  however  adhere  to  the  cryftallized 
falts,  as  do  likewife  fome  faline  particles  to  the  extractive  matter. 
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Second  method. 

This  method  is  founded  on  the  obfervation  that,  except  arfenic,  and  feda- 
tive  fait,  all  others  which  fpirit  of  wine  is  capable  of  holding  in  folution  con- 
tain an  earth.  The  vinous  fpirit  charged  with  thofe  fubftances,  being  mixed  with 
a fufficient  quantity  of  water,  and  the  arfenic  and  fedative  fait  being  thus  fepa- 
rated  from  ir,  let  a folution  of  filver  in  nitrous  acid  be  poured  into  it ; the  pre- 
cipitate hereby  obtained  indicates  the  quantity  of  marine  acid  that  was  prefent 
in  the  water  combined  with  the  earth.  The  remainder  of  the  liquid  is  then  to 
be  precipitated  with  fixed  alkali  : a more  precife  analyfis  of  the  earth  obtained, 
will  fhew  the  nature  and  quantity  of  the  fairs  of  which  it  made  a component 
part. 

If  befides  thefe  there  are  in  the  water  other  falts,  the  earth  of  which  is  com- 
bined with  nitrous  acid,  in  this  cafe  the  quantity  of  the  earth  obtained  will  not 
correfpond  with  that  of  the  marine  acid,  as  indicated  by  the  folution  of  filver. 
But  as  all  falts  in  which  the  marine  acid  is  combined  with  an  earth,  contain 
nearly  the  fame  quantity  of  earth,  nothing  more  is  neceffary  to  be  done,  than 
to  fubtradt  from  the  earth  obtained  by  the  foregoing  procefs,  the  quantity  fuf- 
ficient to  faturate  the  marine  acid  in  a liquid  ftate,  and  the  remainder  will  give 
the  weight  of  the  earth  dififolved  in  the  nitrous  acid. 

For  the  purpofe  of  afcertaining  the  nature  and  quantity  of  the  earth  obtained, 
let  the  precipitate  made  by  the  fixed  alkali  be  diflolved  in  nitrous  acid,  to  which 
muft  be  added,  drop  by  drop,  a fmall  quantity  of  a folution  of  acid  of  fugar, 
faturated  with  fixed  alkali.  In  confequence  of  this,  the  calcareous  earth  will 
be  precipitated  and  combined  with  the  acid  of  fugar,  and  the  weight  of  the 
precipitate  will  point  out  the  quantity  of  the  calcareous  earth  contained  .in  the 
liquor.  Now,  if  after  this  liquor  be  feparated  from  this  precipitate  by  decan- 
tation, and  a folution  of  alkali,  faturated  with  fixed  air,  be  poured  into  it,  the 
muriatic  and  aluminous  earth  will  be  likewife  precipitated.  Laftly,  let  there 
be  poured  upon  this  mixture  a quantity  of  diftilled  water,  faturated  with  fixed 
air : the  former  of  thefe  earths  will  be  diflolved,  while  the  latter  will  be  left  un- 
diffolved. 

Third  method. 

The  arfenic  and  fedative  fait  being  feparated,  let  the  remaining  liquor  be  di- 
luted with  three  times  its  quantity  of  water,  and  the  earth  precipitated  from  it 
with  fixed  alkali ; the  liquor  being  decanted  off  from  the  earthy  precipitate, 
which  muft  be  analyfed  in  the  method  abovementioned.  Let  there  be  poured 
into  the  former  a fmall  quantity  of  folution  of  filver.  The  weight  of  the  pre- 
cipitate here  produced,  (hews  the  quantity  of  marine  acid  that  was  combined 
with  the  earth. 

B.  Separation  of  the  Jubftances  that  are  foluble  in  diftilled  water. 

Thefe  may  be  fixed  alkali  faturated  with  fixed  air,  all  the  perfedt  neutral 
falts,  alum,  Epfom  fait,  and  other  falts. 

(a)  Fixed  alkali. 

It  is  hardly  poflible  to  afcertain  the  quantity  of  mineral  alkali  that  is  con- 
tained in  any  water  by  the  cryftallization  of  this  fait ; for  fome  part  of  it  always 
mixes  with  the  other  falts,  and  it  can  never  be  obtained  in  a pure  ftate.  Let  there- 
fore any  quantity  of  Epfom  fait,  but  rather  more  than  is  fufficient,  be  taken  to 
faturate  the  alkali  in  the  water.  The  water  will  become' turbid,  and  in  the 
fpace  of  five  or  fix  hours  let  fall  a quantity  of  muriatic  earth.  But  the  redun- 
dant quantity  alfo  of  the  Glauber’s  fait  that  may  exift  in  the  water,  as  well  as 
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that  of  the  Epfotn  fait  employed  in  this  procefs,  muft  be  taken  into  confidera- 
tion.  Thefe  are  the  only  means  on  which  any  dependance  can  be  placed  in 
analyfing  alkaline  waters. 

(b)  Alum  and  Epfom  fait. 

If  thefe  falts  are  found  together  in  the  water,  either  with  or  without  any 
other  fait,  the  bed  mode  of  afcertaining  the  quantity  of  them,  is  to  decompofe 
them  j thus  let  a folution  of  fixed  alkali  be  added  drop  by  drop  to  the  water, 
till  it  ceafes  to  render  the  water  turbid.  The  precipitate  being  wafhed,  dried 
and  weighed,  a quantity  of  diflilled  water  faturated  with  fixed  air  muft 
be  poured  upon  it,  which  will  diffolve  the  magnefian  but  not  the  aluminous 
earth  ; the  weight  of  the  latter  fubtradled  from  the  whole  of  the  precipitate 
will  give  the  weight  of  both  earths.  The  analyfis  is  to  be  continued,  and  the 
vitriolated  tartar  formed  by  the  decompofition  muft  be  feparated.  This  may  be 
ealily  done  by  cryftallization. 

If  the  Epfom  fait  be  mixed  with  Glauber’s  fait,  it  is  almoft  impoflible  to 
feparate  them  by  cryftallization,  as  both  of  them  cryftallize  at  the  fame  time. 
Here,  as  before,  recourfe  muft  be  had  to  the  decompofition  of  them.  The  por- 
tion of  Glauber’s  fait  contained  in  the  water  may  be  determined  by  the  weight 
of  the  precipitated  earth  ; the  fame  holds  good  with  refped  to  alum,  when 
mixed  with  other  falts. 

(c)  Glauber's  fait , common  fait,  and  nitre. 

1.  A folution  of  terra  ponderofa  in  nitrous  acid  is  to  be  poured  into  water 
that  has  flood  fome  time  on  the  refiduum  of  the  evaporated  water,  and  the  pre- 
cipitate dried  and  weighed.  By  this  means  the  quantity  of  Glauber’s  fait  con- 
tained in  the  water  will  be  afcertained. 

2.  Into  this  water  that  has  been  feparated  from  the  abovementioned  precipi- 
tate by  filtration,  let  a quantity  of  folution  of  filver  in  nitrous  acid  be  poured  ; 
this  will  caufe  a precipitate,  which  muft  be  feparated  from  the  fupernatant  liquid, 
and,  when  dry,  weighed  for  the  purpofe  of  difcovering  the  quantity  of  common 
fait  contained  in  the  water. 

3.  If  the  weight  of  the  Glauber’s  fait,  and  common  fait,  taken  together,  be 
ftill  not  equal  to  that  part  of  the  refiduum  that  has  been  diffolved  in  cold  dis- 
tilled water,  this  circumftance  gives  room  to  lufpedt  that  there  is  nitre  in  it,  the 
quantity  of  which  is  difcoverable  by  the  difference  of  the  others. 

C.  Separation  of  the  fubftances  contained  in  that  part  of  the  refiduum  of  the  water , 

which  is  not  foluble  either  in  fpirit  of  wine,  or -in  cold  water,  viz.  felenite,  iron , 

filiceous,  aluminous , magnefian , calcareous,  and  ponderous  earth. 

I.  Selenite.  The  refiduum,  after  being  weighed,  is  to  be  boiled  with  five 
hundred  times  its  weight  of  diflilled  water ; the  felenite  will  be  diffolved,  and 
will  pafs  through  the  filter  with  the  water,  while  the  iron  and  the  earth  will  re- 
main behind.  The  remainder  muft  now  be  dried  upon  the  filter,  and  weighed  j. 
if  the  weight  be  fubtradled  from  its  former  weight  before  it  was  boiled,  it  will 
give  that  of  the  felenite. 

In  order  to  feparate  the  felenite,  marine  acid  may  likewife  be  poured  on  the 
refiduum ; the  acid  will  diffolve  the  iron  and  the  earths,  and  the  felenite  will 
remain  behind,  together  with  a little  filiceous  matter.  For  the  purpofe  of 
afcertaining  the  quantity  of  the  latter,  nothing  more  is  neceffary  than  to  wafh 
the  refiduum  with  diflilled  water  ; what  remains  after  this  is  filiceous  earth,  the 
quantity  of  which  is  eafily  determined. 
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II.  Siliceous  earth.  The  felenite  being  feparated  in  the  former  of  thefe  methods, 
upon  what  remains  on  the  filter  after  it  has  been  dried  and  weighed,  pour  a 
quantity  of  marine  acid,  when  it  will  all  diffolve  except  the  filiceous  earth,  and 
the  deficiency  in  the  weight  will  determine  the  quantity  of  this  earth. 

III.  Iron.  Into  this  folution  let  there  be  poured  a little  Pruffian  alkali  puri- 
fied by  means  of  marine  acid,  the  iron  will  be  precipitated  in  the  form  of  Pruf- 
fian blue. 

The  Pruffian  alkali  muft  be  previoufly  purified  by  acids,  in  order  to  prevent 
the  precipitation  of  the  earthy  falts,  and  to  make  the  precipitate  charge  itfelf 
more  perfe&ly  with  the  colouring  matter.  In  Profeflor  Bergman’s  method,  the 
filiceous  earth  combines  with  the  alkali,  and  in  this  cafe  it  is  very  difficult  to 
afeertain  the  quantity  of  it. 

IV.  Calcareous  earth.  After  the  reparation  of  the  iron  by  means  of  the  Pruf- 
fian alkali,  the  liquor  is  Hill  charged  with  different  kinds  of  earths.  In  order  to 
feparate  the  calcareous  earth  from  this  liquor,  a folution  of  acid  of  fugar  fatu- 
rated  with  alkali  muft  be  added  drop  by  drop,  when  tfe  calcareous  earth  will  be 
pr-ecipitated  in  the  form  of  calx  faccharata,  or  calcareous  faccharine  fait. 

V.  Magnefiari  and  aluminous  earths. 

In  order  to  obtain  thefe  earths  from  the  liquor  Handing  upon  the  calcareous 
faccharine  fait,  a folution  of  fixed  alkali  is  to  be  added  to  it,  till  the  precipitation 
ceafes ; the  precipitate,  which  confifts  either  of  earth  of  alum,  or  magnefian 
earth,  or  both  together,  is  then  to  be  walhed,  dried,  weighed,  and  put  into  a 
large  bottle  that  is  perfectly  air-tight,  and  the  bottle  is  to  be  filled  with  diftiiled 
water  perfectly  faturated  with  fixed  air  ; this  will  diffolve  the  magnefian  earth, 
and  leave  the  aluminous  earth  behind. 

WATERS,  SPIRITUOUS.  Spirituous  liquors  to  which  a flavour  "is  given 
by  infufion  of  herbs,  diftillation  from  fragrant  vegetables,  folution  of  effentiai 
oils,  fugar,  or  other  ingredients,  have  been  called  ftrong  waters.  This  term  was 
formerly  more  generally  applied  than  at  prefent. 

WAX,  is  an  oily  concrete  matter  gathered  by  bees  from  plants. 

Wax  has  been  long  confidered  as  a refin,  from  fome  properties  common  to  it 
with  refins.  It  has  the  fame  confidence  as  refins  have,  and  like  them,  it  furnifhes 
an  oil  and  an  acid  by  diftillation,  and  isfoluble. in  all  oils;  but  infeveral  refpe&s 
it  differs  fenfibly  from  refins.  Like  thefe,  wax  has  not  a ftrong  aromatic  tafte 
and  fmell,  but  a very  weak  fmell,  and  when  pure,  no  tafte.  With  the  heat  of 
boiling  water  no  principles  are  diftiiled  from  it ; whereas,  with  that  heat,  fome 
effentiai  oil,  or  at  leaft  a fpiritus  redtor,  is  obtained  from  every  refin.  Further, 
wax  is  infoluble  in  fpirit  of  wine.  If  wax  be  diftiiled  with  a heat  greater  than 
that  of  boiling  water,  it  may  be  decompofed,  but  not  fo  eafilyas  refins  can.  By 
this  diftillation  a fmalh  quantity  of  water  is  firft  feparated  from  the  wax,  and  then 
fome  very  volatile  and  very  penetrating  acid,  accompanied  with  a fmall  quantity 
of  a very  fluid  and  very  odoriferous  oil.  As  the  diftillation  advances,  the  acid 
becomes  more  and  more  ftrong,  and  the  oil  more  and  more  thick,  till  its  confift- 
ence  be  fuch  that  it  becomes  folid  in  the  receiver,  and  is  then  called  butter  of 
wax.  When  the  diftillation  is  finilhed,  nothing  remains  but  a fmall  quantity  of 
coal,  which  is  almoft  incombuftible. 

Wax  cannot  be  kindled,  unlefs  it  be  previoufly  heated  and  reduced  into  va- 
pours ; in  which  refpedt  it  refembles  fat  oils.  The  oil  of  butter  of  wax  may  by 
repeated  diftillations  be  attenuated  and  rendered  more  and  more  fluid,  becaufe 
fome  portion  of  acid  is  thereby  feparated  from  thefe  fubftances ; which  effect  is 
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fimilar  to  what  happens  in  the  diftillation  of  other  oils  and  oily  concretes : but 
this  remarkable  effedt  attends  the  repeated  diftillation  of  oil  and  butter  of  wax, 
that  they  become  more  and  more  foluble  in  fpirit  of  wine;  and  that  they  never 
acquire  greater  confidence  by  evaporation  of  their  more  fluid  parts.  Boerhaave 
kept  butter  of  wax  in  a glafs  veflel  open,  or  carelefsly  clofed,  during  twenty 
years,  without  acquiring  a more  folid  confidence.  It  may  be  remarked,  t;bac 
wax,  its  butter,  and  its  oil,  differ  entirely  from  eflential  oils  and  refins  in  all  the 
above  mentioned  properties,  and  that  in  all  thefe  they  perfedlly  refemble  fweet 
oils.  Hence  jMacquer  concludes,  that  wax  only  refembles  refins  in  being  an  oil 
rendered  concrete  by  an  acid ; but  that  it  differs  eflenrially  from  thele  in  the 
kind  of  the  oil,  which  in  refins  is  of  the  nature  of  eflential  oils,  while  in  wax 
and  in  other  analogous  oily  concretions  (as  butter  of  milk,  butter  T)f  cocoa, 
fat  of  animals,  fpermaceti,  and  a wax  obtained  from  a tree  in  Louifiana)  it  is  of 
the  nature  of  mild,  undluous  oils  that  ate  not  aromatic,  and  not  volatile,  and  are 
obtained  from  vegetables  by  expreflion. 

Jt  feems  probable,  that  the  acidifying  principle,  or  vital  air,  and  not  an  adtual 
acid,  may  be  the  leading  caufe  of  the  folidity,  or  low  fufibility  of  wax.  Wax 
is  very  ufeful,  efpecially  as  a better  material  than  any  other,  for  candles. 

Wax  may  be  deprived  of  its  natural  yellow  difagreeable  colour,  and  be  perfectly 
whitened  by  expofure  to  the  united  adtion  of  air  and  water,  by  which  method  the 
colour  of  many  fubftances  may  be  deftroyed. 

The  art  of  bleaching  wax  confifts  in  increafing  its  furface;  for  which  purpofe 
it  muft  be  melted  with  a degree  of  heat  not  fufficient  to  alter  its  quality,  in  a 
cauldron  fo  difpofed,  that  the  melted  wax  may  flow  gradually  through  a pipe  at 
the  bottom  of  the  cauldron  into  a large  tub  filled  with  water,  in  which  is  fitted  a 
large  wooden  cylinder,  that  turns  continually  round  its  axis,  and  upon  which  the 
melted  wax  falls.  As  the  furface  of  this  cylinder  is  always  moiftened  with  cold 
water,  the  wax  falling  upon  it  does  not  adhere  to  if,  but  quickly  becomes  folid 
and  flat,  and  acquires  the  form  of  ribbands.  The  continual  rotation  of  the  cy- 
linder carries  off  thefe  ribbands  as  faft  as  they  are  formed,  and  diftributes  them 
through  the  tub.  When  all  the  wax  that  is  to  be  whitened  is  thus  formed,  it  is 
put  upon  large  frames  covered  with  linen  cloth,  which  are  fupported  about  a foot 
and  a half  above  the  ground,  in  a fituation  expofed  to  the  air,  the  dew,  and  the 
fun.  The  thicknefs  of  theieveral  ribbands  thus  placed  upon  the  frames,  ought 
not  to  exceed  an  inch  and  a half,  and  they  ought  to  be  moved  from  time  to  time, 
that  they  may  all  be  equally  expofed  to  the  adtion  of  the  air.  If  the  weather  be 
favourable,  the  colour  will  be  changed  in  the  fpace  of  fome  days.  It  is  then  to 
be  remelted  and  formed  into  ribbands,  and  expofed  to  the  adtion  of  the  air  as  be- 
fore. Thefe  operations  are  to  be  repeated  till  the  wax  be  rendered  perfedtly 
white,  and  then  it  is  to  be  melted  into  cakes,  or  formed  into  candles. 

The  yellow  colour  of  the  wax  is  evidently  deftroyed  by  the  combined  adtion 
of  the  air,  of  the  water,  and  of  the  fun.  As  the  volatile  fulphureous  acid  has 
the  property  of  deftroying  ftill  more  quickly  almofi:  all  the  colours  of  vegetables, 
Macquer  luppofed  that  this  bleaching  might  be  Ihortened  by  expofing  rib- 
bands of  yellow  wax  to  the  vapour  of  fulphur,  as  is  pradlifed  for  wool  an'd 
filk.  , 

His  annotator  obferves,  that  this  operation  of  bleaching  wax  can  be  performed 
well  in  fine  weather  only,  as  it  depends  chiefly  on  the  adtion  of  the  fun.  This 
circumftance  being  attended  with  much  inconvenience  to  the  manufadturers,  the 
difcovery  of  a method  of  whitening  wax,  independently  of  the  feafons,  would 
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be  very  ufeful,  and  has  been  recommended  to  the  attention  of  chemifts  by  fome 
ceconomical  focieties.  With  a view  to  difcover  fuch  a method,  Mr.  Beckman 
has  made  experiments,  an  account  of  which  is  publithed  in  the  5th  volume  of  the 
Novi  Commentarii  Societatis  Regia  Scientiarum  Gottingenfis.  According  to 
thefe  experiments,  thin  pieces  of  yellow  wax  were  whitened  and  hardened  by 
being  digefted  and  boiled  in  diluted  and  undiluted  nitrous  acid  in  a few  hours. 
But  the  wax  thus  whitened  being  melted  by  means  of  boiling  water,  was  obferved 
to  acquire  a yellow  colour,  lefs  intenfe,  however,  than  it  was  before  it  had  been 
treated  with  the  mineral  acids.  The  marine  and  vitriolic  acids  were  lefs  effectual 
than  the  nitrous.  He  expofed  wax  to  the  flames  of  burning  fulphur,  but  with- 
out fuccefs.  Yellow  wax  being  melted  in  vinegar  was  rendered  of  a gray  colour. 
The  oil  of  tartar  whitened  wax,  but  lefs  effectually  than  acids  had  done;  and 
this  wax  being  wafhed  in  water,  and  afterwards  digefted  in  nitrous  acid,  was  ren- 
dered (till  more  white  ; but  upon  melting  it  in  water  a yellowifh  tinge  returned. 
He  liquefied  wax  in  folutions  of  nitre  and  alum,  but  without  any  good  effeCt. 
Spirit  of  wine,  which  is  recommended  by  Boyle  for  this  purpofe,  did  indeed 
whiten  the  wax,  but  changed  it  to  a butyraceous  fubftance,  fo  frothy  that  its 
bulk  was  increafed  thirty  times.  Reflecting  that  tartar  is  purified  from  its  oily 
particles  h>y  means  of  a calcareous  earth,  he  tried  the  effeCts  of  a kind  of  fuller’s 
earth,  which  he  threw  upon  wax  liquefied  in  water,  and  he  agitated  the  mixture. 
This  method  rendered  wax  of  a grayifh  colour,  and  is  therefore  recommended 
by  him  as  preparatory  to  bleaching,  the  time  neceflary  for  which,  he  thinks,  may 
be  thus  greatly Shortened. 

Every  kind  of  wax  is  not  equally  capable  of  being  whitened,  the  colour 
of  fome  adhering  fo  ftrongly,  that  it  cannot  be  effaced.  Such  is  the  wax 
that  comes  from  countries  in  which  vines  grow.  This  obfervation  Macquer 
received  from  Mr.  Trudon,  proprietor  of  the  manufactory  of  wax  at  Antoni, 
near  Paris. 

Wax  is  employed  for  many  purpofes  in  feveral  arts.  It  is  alfo  ufed  in  me-' 
dicine  as  a foftening,  emollient,  and  relaxing  remedy  : but  it  is  only  ufed  ex- 
ternally, mixed  with  other  fubftances.  It  is  an  ingredient  in  many  pomatums, 
cerates,  ointments,  and  plaifbers,  to  moft  of  which  it  gives  their  due  con- 
fiftence. 

The  following  obfervations  and  experiments  by  Dr.  Pearfon  on  a wax-like 
fubftance,  refembling  the  Pe  la  of  the  Chinefe,  collected  at  Madras  by  Dr. 
Anderfon,  and  called  by  him  White  Lac,  are  extracted  from  the  Philofophical 
TranfaCtions  for  1794-  I have  retained  the  words  of  the  new  Nomenclature 
as  in  the  original. 

Nefts  of  infeCts  refembling  fmall  cowry  fhells  were  brought  to  Dr.  Anderfon, 
from  the  woods,  by  the  natives,  who  eat  them  with  avidity.  Thefe  fuppofed 
nefts  he  fnortly  afterwards  difcovered  to  be  the  coverings  of  the  females  of  an 
undefcribed  fpecies  of  coccus ; and  having  noticed,  in  the  Abbe  Grofier’s  Ac- 
count of  China,  that  the  Chinefe  colleCt  a kind  of  wax,  much  efteemed  by  them, 
under  the  name  of  Pe-la,  from  a coccus  depofited  for  the  purpofe  of  breeding  on 
certain  fhrubs,  and  managed  exaClly  in  the  fame  manner  as  the  Mexicans  ma- 
nage the  cochineal  infeCt,  he  followed  the  fame  procefs  with  his  new  infeCts,  and 
fhortly  found  means  to  propagate  them  with  great  facility'on  feveral  of  the  trees 
and  ftirubs  growing  in  his  neighbourhood. 

On  examining  the  fubftance,  he  obferved  in  it  a very  confiderable  refemblance 
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to  bees-wax ; and  noticed,,  moreover,  that  the  animal  which  fecretes  it,  pro- 
vides itfelf,  by  fome  means  or  other,  with  a fmall  quantity  of  honey,  refembling 
that  produced  by  our  bees.  It  is  alfo  believed  that  the  white  lac  pofleffes  medi- 
cinal qualities. 

It  muft  be  remembered,  that  all  the  authors  who  defcribe  the  true  cochineal 
infed:  tell  us,  that  the  females  when  nearly  perfed  are  thickly  covered  with  a 
white  down,  or  meal,  which  proteds  them  from  the  fun  and  rain,  and  the  attacks 
of  certain  infeds  who  are  their  enemies.  It  is  probable  that  this  fubftance  is 
of  the  fame  nature  as  the  pe-la,  and  that  the  fecretion  of  wax  in  more  or  lefs 
quantity  is  common  to  the  genus  of  coccus.  It  is  obfervable,  moreover,  that  die 
infed  which  produces  lac,  a fubftance  refembling  wax,  provides  itfelf  alfo  with 
a fweet  fluid  refembling  honey.  Hence,  a ftriking  analogy  between  thefe  three 
animals  is  obfervable  ; and  it  is  far  from  improbable  that  future  naturalifts  may 
difcover  them  to  be  fpecies  of  the  fame  genus ; and  find  the  means  of  making  the 
beautiful  red  colour  produced  by  the  lac  infed-as  ufeful  in  dyeing  as  that  of  the 
true  cochineal. 

A piece  of  white  lac,  which  weighs  from  about  three  to  fifteen  grains,  is  pro- 
bably produced  by  each  infed.  Thefe  pieces  are  of  a gray  colour,  opaque, 
rough  and  round ilh,  of  about  the  fize  of  a pea,  but  with  a flat  fide,  by  which 
they  adhere  to  the  bark.  In  this  flat  fide  there  is  a fififure  which  contains  a little 
black  matter,  the  ex u vise  of  the  infed. 

White  lac,  in  its  dry  ftate,  has  a faltifh  and  bitterifii  tafte,  and  in  the  mouth 
is  foft  and  tough.  It  appears  however  from  Dr.  Anderfon’s  letter,  that  the 
tafte  of  this  fubftance  recently  produced  is  delicious,  fo  that  it  is  difficult 
to  prevent  the  children  or  other  perfons  employed  to  gather  it  from  eat- 
ing it. 

On  preffing  a piece  of  this  fubftance  between  the  fingers,  a watry  liquid  oozes 
out,  which  has  a flight  fait  tafte  ; and  it  is  faid,  that  the  recently  gathered  lac  is 
replete  with  juice. 

Although  the  roundifh  pieces  of  this  fubftance  yield  to  preflure  between  the 
fingers,  they  may  be  broken,  and  then  appear  to  be  perfedly  white  within,  and  of 
an  uniform  fmooth  texture.  White  lac  has  no  fmell,  unlefs  it  be  prefled  or  rub- 
bed till  it  is  foft,  and  then  it  emits  a peculiar  odour. 

The  lac  which  had  been  ftrained  through  muflin  was  of  a brown  colour 
throughout  its  whole  fubftance,  was  brittle,  hard,  and  had  a bitterifh  tafte,  with- 
out any  faltnefs,  for  its  watry  liquid  had  been  feparated  by  melting. 

The  pieces  of  lac  gathered  from  the  tree  are  as  light,  or  lighter  than  bees-wax  ; 
but  after  being  melted  and  purified  by  draining,  it  finks  in  water,  and  therefore 
is  fpecifically  heavier  than  bees-wax  generally  is. 

White  lac  melts  in  water  of  the  temperature  of  1450  of  Fahrenheit’s  thermo- 
meter. In  boiling  water  it  readily  melted,  and  the  black  exuviae  were  thus  fe- 
parated from  the  lac. 

Two  thoufand  grains  of  white  lac  were  expofed  in  fuch  a degree  of  caloric 
as  was  juft  fufficient  to  melt  them ; as  they  grew  foft  and  fluid,  a pretty  large 
quantity  of  reddilb  watry  fluid,  namely  550  grains,  which  emitted  the  fmell  of 
newly  baked  bread,  oozed  out.  This  liquid  was  poured  off  for  examination,  and 
the  lac  was  ftrained  through  fine  cloth  repeatedly,  till  it  left  no  exuviae  or  other 
extraneous  matter  on  the  filter. 
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The  quantity  of  purified  lac  thus  obtained  was  1220  grains.  It  was  yellow 
like  bees  wax;  hard  and  brittle  as  rofin.  It  had  no  bitterifli,  or  fcarcely  any 
other  tafte.  It  melted  in  alcohol,  and  alfo  in  water,  of  the  temperature  of 
between  1450  and  146°. 

Purified  white  lac  adheres  very  firmly  to  wood,  tin,  paper,  &c.  fo  that  it  is  an 
excellent  cement  on  many  occafions. 

The  following  experiments  were  made  to  difcover  fome  of  the  affinities  and 
combinations  of  white  lac. 

1.  Yellow  purified  lac  above  mentioned  was  fpiead  thin  upon  a plate  of  glafs, 
and  expofed  to  the  rays  of  the  fun  during  the  whole  of  the  month  of  July,  1793, 
but  it  was  not  by  this  means  rendered  at  all  lefs  yellow. 

2.  A piece  of  white  lac,  on  boiling  in  water  with  powdered  charcoal,  was 
abforbed,  and  difappeared. 

3.  Purified  lac  was  digefted  in  various  proportions  of  ley  of  pure  pot-afh,  in 
different  temperatures,  but  an  uniform  or  foap-like  mafs  could  not  be  formed* 
The  mixture  emitted  the  fmell  of  palm  oil.  The  lac  turned  to  a brown  colour, 
and  had  the  appearance  of  a coagulated  mafs,  in  the  liquid  as  well  as  dry  ftate. 
The  liquid  filtered  from  thefe  folutions  had  a fweetifh  and  bitterifli  tafte.  Upon 
the  addition  of  vinegar,  it  became  very  turbid  and  rofe-coloured  ; and  by  Hand- 
ing it  let  fall  a copious  fediment,  which  being  dried  was  found  to  be  white  lac 
only  rendered  more  brittle. 

4.  Ammoniac,  or  cauftic  volatile  alkali,  feemed  to  combine  with  the  white 
lac.  The  compound  was  a tolerably  uniform  brown  foapy  fubftance.  It  tailed, 
fweet,  and  had  ftill  a weak  fmell  of  ammoniac.  It  rendered  water  milky,  and  this 
folution  became  curdy  on  adding  to  it  acetous  acid. 

5.  Candles  off  different  thickneffes  were  made  of  purified  white  lac  above 
mentioned,  with  cotton  wicks  of  different  thickneffes  ; and  candles  were  alfo  made 
of  white  lac  which  had  been  diffolved  in  fulphuric  rether,  and  in  volatile  oil  of 
turpentine.  They  all  burned  more  rapidly,  but  Dr.  Pearfon  is  of  opinion  that 
they  emitted  a lefs  quantity  of  light,  than  wax  candles  of  the  fame  lize.  The 
candles  made  of  white  lac  alfo  fmoked,  and  produced  a rofinous  fmell. 

White  lac  burned  in  oxygen  gas  without  affording  any  fmoke,  and  with  a beau- 
tifully bright  flame. 

A fmall  piece  of  purified  white  lac,  in  a platina  fpoon,  was  expofed  to  the  apex 
of  the  violet  blue  coloured  flame  of  a candle,  by  means  of  the  blow-pipe  ; a 
fmall  quantity  of  black  matter  remained  in  the  fpoon,  which  could  not  be  carried 
off  by  a long  continued  application  of  the  flame  ; but  after  keeping  the  fpoon 
red-hot  in  the  fire  for  ten  minutes,  nothing  but  a very  fmall  quantity  of  gray 
alh  was  left. 

6.  From  purified  white  lac  nothing  could  be  extradled  by  water ; nor  from  the 
lac  in  its  impure  ftate,  except  a bitterifli  mucilage. 

7.  White  lac  turned  to  a black  coloured  fubftance  by  boiling  it  in  concen- 
trated fulphuric  acid.  The  mixture  was  then  diluted  with  water ; and  by  means 
of  the  filter  a carbonaceous  matter  was  feparated,  which  on  being  made  red-hot 
burned  in  the  air  without  flaming.  The  filtered  liquor,  upon  evaporation  to  dry- 
nefs,  afforded  no  alkaline  or  other  refidue. 

8.  Glafs  covered  with  a thin  coat  of  white  lac  was  kept  immerfed  in  oxyge- 
nated muriatic  acid  gas,  and  alfo  in  water  faturated  with  this  gas,  for  feveral 
months,  without  producing  any  apparent  change  on  the  colour  of  the  lac,  or  in 
its  other  properties. 
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9.  On  about  ico  grains  of  white  lac  were  poured  400  grains  of  concentrated 
nitrous  acid.  In  a few  minutes  time  the  acid  became  of  a deep  orange  colour, 
and  on  making  it  hot,  nitrous  gas  was  difcharged,  with  - an  ebullition  of  the 
liquid.  A frefh  difcharge  of  nitrous  gas  took  place  on  adding  more  nitrous 
acid.  On  applying  caloric,  to  make  the  acid  boil  and  to  melt  the  lac,  this  fub- 
ftance was  totally  diffolved  ; but  on  {landing  to  cool,  it  feemed  to  be  wholly 
feparated  from  the  acid,  and  was  rendered  white.  On  diluting  with  water  the 
acid  from  which  the  lac  had  feparated  itfelf,  a very  flight  curdy  precipitation 
took  place ; and  the  fame  appearance  followed  on  adding  ley  of  pot-alb.  On 
evaporating  this  acid  to  drynefs,  a very  finall  refidue  of  lac  was  obtained.  Dr. 
Pearfon  diffolved  a little  of  this  fubftance,  by  boiling  it  in  concentrated  nitrous 
acid,  and  poured  the  folution,  while  hot,  into  water  ; upon  which  a very  copious 
precipitation  inftandy  took  place,  of  the  lac  rendered  quite  white. 

10.  One  hundred  grains  of  the  fubftance  under  examination  were  totally  dif- 
folved, and  very  readily,  in  500  grains  of  volatile  oil  of  turpentine.  While  this 
folution  was  hot  it  was  clear,  but  on  cooling  it  grew  opaque  and  white.  On 
evaporation  the  whole  of  the  lac  was  recovered. 

1 1.  Fifty  grains  of  white  lac  readily  diflolved  in  500  grains  meafure  of  fulphuric 
sether,  in  the  temperature  of  8o°.  This  folution  was  not  undluous,  or  refinous  ; 
the  lower  part  of  it  was  like  an  emulfion,  and  the  upper  part  of  it  was  tranfparent 
and  limpid  ; but  both  parts  contained  the  fubftance  diffolved.  Upon  evaporation 
the  lac  was  recovered  in  the  form  of  a light  white  powder,  which  on  melting 
became  a brittle  yellow  folid,  as  heavy  as  before  folution. 

12.  One  hundred  grains  of  white  lac  being  digefted  in  1000  grains  meafure 
of  alcohol,  the  fpecific  gravity  of  which  was  as  835  to  1000,  about  half  of  the 
fubftance  foon  diffolved  ; and  the  folution  when  cold  was  opake,  white,  and 
thick,  as  faturated  folution  of  foap  in  hot  fpirit  of  wine  appears  on  cooling.  By 
repeated  affufions  of  alcohol  on  the  refidue  of  thefe  ico  grains,  all  but  about  15 
grains  was  diffolved  ; and  this  refidue  did  not  appear  to  be  different  from  lac 
which  had  not  been  digefted  in  this  menftruum.  This  folution  afforded,  on  eva- 
poration, a light  white  opake  powder,  which  on  being  melted  was  a brittle, 
yellow,  heavy  folid,  as  the  fubftance  was  before  folution. 

Saturated  folution  of  white  lac  in  alcohol  fpread  upon  paper,  cloth,  wood,,8tc. 
on  evaporation  left  a thin  coat  of  refinous  matter,  which  was  not  however  bright 
and  fmooth  ; and  therefore  this  folution  did  not  afford  a good  vafnifh. 

Of  the  experiments  which  Dr.  Pearfon  made  to  decompound  white  lac  by  fire, 
he  only  particularly  relates  the  following  one,  becaufe  among  feveral  which  he 
made  there  was  no  material  difference  in  the  refult. 

Eight  hundred  grains  of  purified  white  lac  were  put  into  a glafs  retort,  to  which 
was  affixed  an  adopter  with  a large  bulb  to  receive  condenfed  vapours,  and  the 
hydro-pneumatic  apparatus  to  collect  elaftic  fluids,  or  gafes.  Thefe  diftilled 
over  204  grains  of  yellow  ftrongly  empyreumatic  oil  of  the  confiftence  of  butter, 
400  grains  of  thin  oil  which  had  the  fmell  of  tar,  near  20  grains  of  watry  liquid 
containing  a little  acid,  perhaps  the  pyrotartareous  or  the  febacic  acid ; befides 
307  cubic  inches  of  gas.  In  the  retort  there  remained  37  grains  of  carbonaceous 
matter,  which  was  a pretty  hard  cinder,  the  under  furface  of  which  in  contact  with 
the  glafs  had  feemingly  undergone  a partial  fufion,  and  the  glafs  itfelf  to  which  it 
adhered  appeared  to  have  been  a little  corroded. 

The  above  diftilled  gas  contained  no  oxygen  to  the  ted  of  nitrous  gas;  but 
32  cubic  inches  of  it  were  abforbed  by  milk  of  lime,  and  near  86  cubic  inches 
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of  it  were  abforbed'  by  yellow  oxyd  of  lead,  or  mafficot,  placed  in  the  focus 
of  a lens ; during  which  abforption  lead  was  reduced,  and  water  compofed. 
The  remainder  of  the  gas  extinguifhed  flame,  and  was  concluded  to  be  nitrogen 
or  azotic  gas. 

The  gas  which  was  obtained  by  diftillation  was  therefore  a mixture  of  carbonic 
acid,  hydrogen  and  nitrogen  gas.  This  mixture  burned  like  what  has  been  called 
heavy  inflammable  air. 

The  above  37  grains  of  carbonaceous  matter  afforded  two  grains  of  muriate  of 
foda,  one  grain  of  carbonate  of  foda,  four  grains  of  phofphate  of  foda.  The 
lixiviated  carbonaceous  matter  being  mixed  with  300  grains  of  red  oxyd  of  lead, 
and  expofed  to  a due  degree  of  fire,  yielded  about  60  cubic  inches  of  carbonic 
acid  gas,  and  a little  regulus  of  lead  ; but  there  was  a refidue  of  carbonaceous 
matter  which  could  not  be  burnt  away  in  the  fierceft  fire  in  open  veffels.  This 
refidue  was  probably  carbon,  phofphoric  acid,  and  foda,  intimately  mixed  by 
fufion. 

From  this  analyfis,  it  appears  that  100  parts  of  white  lac  purified  yield. 


Butyraceous  oil  — 

— 

*5t 

Thin  oil  — — 

— 

5° 

Water  containing  acid  — — 

Carbonaceous  matter,  containing  phofphoric  acid. 

muriatic  acid,  and  foda  — 

— 

4i 

Carbonic  acid,  by  eftimation  — 

— 

4 

Hydrogen,  by  eftimation  — 

— 

if 

Nitrogen  or  azote,  by  eftimation  — 

— 

10 

Deficiency  by  wafte  and  error,  by  eftimation 

__ 

98 

2 

100  parts. 

When  this  experiment  was  made  with  unpurified  white  lac,  the  proportion  of 
water  and  carbonaceous  matter  was  much  greater  than  in  the  preceding  experi- 
ment. On  account  alfo  of  the  water,  it  was  extremely  difficult  to  prevent  the 
fubftance  boiling  over  and  burfting  the  veffels. 

Charcoal  of  wood  being  mixed  with  white  lac,  the  oil  feemed  to  diftil  over 
more  readily,  with  lefs  water,  and  was  paler  coloured  oil  than  in  the  preceding 
experiment. 

White  lac  was  alfo  diftilled  from  pot-aui,  without  any  material  difference  in 
the  refult,  excepting  that  the  oils  which  diftilled  over  were  thicker. 

The  following  experiments  were  made  on  the  liquid  contained  in  white  lac  : 

(d)  On  prefling,  between  the  fingers,  the  pieces  of  white  lac,  in  the  ftate  in 
which  they  are  taken  from  the  tree  or  fhrub  (although  they  are  apparently  quite 
dry  and  brittle,  and  have  been  kept  feveral  years),  a watery  liquid  oozes  out ; 
by  which  paper  ftained  with  turnfole  is  inftantly  turned  to  a red  colour. 

(/>)  The  550  grains  of  reddifh  watry  liquid  above  mentioned  to  have  been 
feparated  from  2000  grains  of  white  lac,  were  filtrated  through  paper  in  order  to 
feparate  mucilage. 

[aa)  This  filtrated  liquid  has  a flightly  faltifh  tafte,  with  bitternefs,  but  is  not 
at  all  four. 

(bb)  When  made  hot,  it  fmells  precifely  like  newly  baked  hot  bread. 

6 R 2 


(cc)  On 
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(cc)  On  (landing  it  grows  fomewhat  turbid,  and  depofits  a fmall  quantity  of 
fediment. 

(dd)  Its  fpecific  gravity  in  the  temperature  of  6o°  was  to  diftilled  water  as 
1025  to  1000. 

(ee)  A little  of  this  liquid  having  been  evaporated  till  it  grew  very  turbid,  on 
Handing  afforded  fmall  needle-like  cryflals  in  mucilaginous  matter. 

(c)  About  250  grains  of  the  liquid  (£)  were  poured  into  a retort  which  held 
one  ounce  meafure,  to  which  was  joined  a receiver  containing  two  (hreds  of 
paper,  one  flained  with  turnfole,  and  the  other  had  been  dipped  in  folution  of 
fulphate  of  iron.  As  the  liquor  grew  warm,  mucilage-like  clouds  appeared,  but 
when  it  grew  hot  they  difappeared  ; and  about  the  temperature  of  200°  it  diftilled 
over  very  faft.  On  diftillation  to  nearly  drynefs,  a fmall  quantity  of  extradlive 
matter  remained.  The  diftilled  liquor  while  hot  fmelt  like  newly  baked  bread, 
and  was  perfectly  tranfparent  and  yellowifh.  The  paper  ftained  with  turnfole 
was  not  reddened  ; nor  was  that  which  had  been  immerfed  in  folution  of  fulphate 
of  iron  turned  to  a blue  colour,  upon  moiftening  it  with  ley  of  pot-afh. 

(d)  The  flame  of  a candle  being  applied  by  means  of  a blow-pipe  to  the  ex- 
tradlive matter  ( c ),  the  whole  of  it  was  burnt  away,  except  what  produced  a black 
mark  upon  the  fpoon  j in  which  no  trace  of  alkali  was  detected  by  paper  ftained 
with  turmeric. 

(<?)  About  a hundred  grains  of  the  yellowifh  tranfparent  liquid  (c)  being  eva- 
porated till  it  grew  turbid,  after  being  fet  by  for  a night,  afforded  acicular  cryf- 
tals ; which  under  a lens  appeared  in  a group,  not  unlike  the  umbel  of  parfley. 
The  whole  of  thefe  cryftals  could  not,  probably,  have  weighed  a quarter  of  a 
grain.  They  tafted  only  bitterilli. 

(/)  One  hundred  grains  of  the  yellowifh  tranfparent  liquid  ( c ) being  evapo- 
rated, in  a very  low  temperature,  to  drynefs,  a blackifh  matter  was  left  behind, 
which  did  not  entirely  difappear  on  heating  the  fpoon  containing  it  very  hot 
in  the  naked  fire ; but  on  heating  oxalic  acid  to  a much  lefs  degree,  it  evapo- 
rated, and  left  not  a trace  behind. 

(g)  Carbonate  of  lime  (chalk)  readily  diffolved,  with  effervefcence,  in  the 
liquid  (r).  The  folution  tafted  bitterifh,  did  not  turn  paper  flained  with  turnfole 
to  a red  colour,  and  a copious  precipitation  enfued  on  adding  to  it  carbonate  of 
potafh  (mild  vegetable  alkali).  A little  of  this  folution  of  lime,  and  alfo  of 
alkali,  being  evaporated  to  drynefs,  and  the  refidue  being  made  red-hot,  nothing 
remained  but  carbonate  of  lime,  and  carbonate  of  pot-afh. 

( h ) The  above  diftilled  liquid  (r)  did  not  render  nitrate  of  lime  turbid  ; but 

h)  It  produced  turbidnefs  in  nitrate  and  muriate  of  baryt. 

(k)  To  500  grains  of  the  reddifh  coloured  liquid  obtained  by  melting  white 
lac.  Dr.  Pearfon  added  ley  of  carbonate  of  foda,  till  the  effervefcence  ceafed, 
and  the  mixture  neither  reddened  paper  ftained  with  turnfole,  nor  turned  paper 
ftained  with  turmeric  to  a brown  colour.  The  quantity  of  dry  carbonate  of  foda 
vi fed  in  the  ley  was  three  grains.  A quantity  of  mucilaginous  matter,  with  a 
little  carbonate  of  lime,  was  precipitated  during  this  combination.  Thefaturated 
folution  being  filtrated  and  evaporated  to  a due  degree,  it  afforded,  on  (landing, 
deliquefcent  cryftals. 

(/)  A little  of  the  cryftallized  fait  (k  1 by  expofure  to  fire  left  only  a refidue  of 
carbonate  of  foda. 

(m)  The  reddifh  liquid  obtained  by  melting  the  white  lac  being  filtrated,  the 
following  precipitants  were  added  ; namely, 

1.  Lime- 
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1.  Lime-water,  which  produced  a light  purple,  turbid  appearance,  and  on 
ftanding,  there  were  juft  perceivable  clouds. 

2.  Sulphurat  of  lime  (calcareous  liver  of  fulphur)  occafioned  a white  precipi- 
tation ; but  Dr.  Pearfon  could  not  percei  ve  the  fmell  of  fulphurized  hydrogen 
gaz  (hepatic  air). 

3.  Alcohol  of  gall  nut  (tindlure  of  gall  nut)  induced  a grey  precipitation. 

5.  Sulphate  of  iron  (green  vitriol)  produced  a purplifti  colour,  but  no  preci- 
pitation nor  did  any  precipitation  take  place  on  adding  to  this  mixture,  firift  a 
little  vinegar,  and  then  a little  pot-afh. 

5.  Acetite  of  lead  (fugar  of  lead)  occafioned  a reddilh  precipitation,  which  re- 
diffolved  on  adding  a little  nitrous  acid. 

6.  Nitrate  of  mercury  (folution  of  mercury  in  nitrous  acid)  produced  a whitifh 
turbid  liquor. 

7.  Oxalic  acid  produced  immediately  a precipitation  of  white  acicular  cryftals. 

8.  Tartrite  of  pot-afh  (foluble  tartar)  being  added,  a precipitation  took  place 
which  much  refembled  that  which  takes  place  on  adding  tartareous  acid  to  tar- 
trite of  pot-afh ; but  the  precipitated  matter  by  the  liquid  from  the  white  lac  did 
not  re-diffolve  on  adding  pot-alh. 

With  refpedt  to  the  nature  of  the  liquid  contained  in  white  lac,  our  author 
judges  it  to  belong  to  the  genus  of  acids,  becaufe  it  changes  turnfole  to  a red 
coloured  fubftance,  and  neutralizes  fixed  alkali  and  lime  (g)  ( k ). 

This  acid  liquor  is  moft  probably  fecreted  at  the  fame  time  with  the  white  lac ; 
and  therefore  the  white  lac  coccus,  like  the  ant,  and  fome  other  infe&s,  has 
organs  for  fecreting  an  acid. 

As  this  acid  is  deftrudtible  by  fire  (/)  (g)  (/),  and  as  it  affords  carbon  (/), 
it  muft  be  referred  to  the  animal  or  vegetable  acids. 

From  the  precipitation  of  tartrite  of  pot-afh  (m,  8)  refembling  tartar,  this  acid 
might  be  fuppofed  to  be  the  tartareous ; but  as  this  precipitate  is  not  again  dif- 
folved  on  adding  pot  afh ; as  it  has  no  four  tafte ; as  it  evaporates  in  200°  of 
caloric  ( b ) ; as  the  combination  with  lime  is  readily  foluble  in  water,  and  decom- 
pofed  by  pot-afh  ( g~)  (m,  1)  ; and  as  the  combination  with  foda  is  a deliquefcent 
fait  (£),  this  acid  cannot  be  confidered  to  be  tartareous.  Nor  does  this  liquid 
appear,  from  the  above  experiments,  to  be  any  one  of  the  other  known  vege- 
table or  animal  acids.  The  other  properties,  {hewn  by  the  experiments,  except 
the  precipitation  of  tartrite  of  pot-afh,  and  the  peculiar  fmell  above  mentioned, 
are  either  thofe  common  to  every  fpecies  of  acid,  or  are'poffeffed  by  feveral  of 
them.  For  although  this  acid  poffeffes  feveral  properties  common  to  all  acids, 
and  fome  properties  which  belong  to  a few  fpecies  only,  there  is  not  any  one  of 
the  already  known  acids  that  has  the  fmell,  when  heated,  above  mentioned  ; that 
precipitates  tartrite  of  pot-afh,  but  does  not  ferve  to  compofe  acidulous  tartrite 
of  pot-afh  ; that,  befides,  having  thefe  properties,  is  vapour  in  the  temperature  of 
■ 2.oop  without  decompofition,  has  not  a four  but  a bitterifh  tafte,  and  forms  a folu- 
ble compound  with  lime,  which  is  decompofable  by  pot-afh. 

The  precipitation  by  oxalic  acid,  it  is  probable,  was  occafioned  by  a final! 
quantity  of  lime  which  the  undiftilled  liquid  of  white  lac  contains. 

Dr.  Pearfon  obferves  moreover,  that  he  does  not  refer  to  the  other  phenomena 
in  the  experiments,  becaufe  they  are  produced  by  acids  in  general. 

Whether  the  above  liquid  from  white  lac  be  a new  acid,  or  one  of  the  acids 
already  known,  butdifguifed  by  mixture  or  union  with  other  bodies,  he  leaves  to 
the  decifion  of  future  experiments,  and  to  the  judgment  of  learned  chemifts. 

Dr. 
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Dr.  Pearfon  makes  the  following  remarks  and  conclufions  from  the  preceding 
obfervations  and  experiments  : 

1.  White  lac  being  unttuous  when  in  the  fluid  date  ; having  little  or  no  fmell 
and  tafte,  unlefs  heated  ; being  infoluble  in  water;  being  inflammable  in  oxygen 
gas;  and  decompounded  by  fire  alone,  in  clofe  veflels,  before  evaporation,  it 
feems  to  belong  to  the  genus  of  fat,  or  fixed  oils  : but  ic  differs  from  them,  and 
refembles  the  volatile  oils  and  refins,  in  being  brittle  and  femi-tranfparent ; in 
being  foluble  in  alcohol  ; in  compofing  an  imperfect  foap  with  fixed  alkalis';  in 
diflolving  readily  in  fulphuric  tether. 

2.  As  bees  wax  and  white  lac  feemed  to  be  alike  in  many  properties,  Dr. 
Pearfon  extended  the  comparifon  by  fome  experiments  on  bees  wax. 

Bees  wax  when  firft  fecreted  is  always  white,  and  it  is  often  white  when  made 
into  the  comb.  It  remains  white  after  being  melted. 

White  lac  becomes  yellow,  on  purification  by  melting  and  draining. 

Bees  wax  has  a peculiar  fmell  when  cold.  White  lac  has  a fmell  only  when 
made  hot,  and  it  is  a different  one  from  that  of  bees  wax. 

Bees  wax  is  lefs  brittle  and  hard  than  white  lac.  The  former  is  generally  fpe- 
cifically  lighter  than  the  latter  ; for  bees  wax  often  floated  upon  cold  water,  but 
purified  lac  fell  to  the  bottom. 

Bees  wax  melts  at  about  1420 ; and  therefore  in  a few  degrees  lefs  caloric  than 
white  lac. 

Bees  wax  does  not  adhere  fo  firmly  to  different  bodies  as  white  lac. 

Yellow  bees  wax  can  be  rendered  white  by  expofure  to  the  folar  light,  or  by 
oxygenated  muriatic  acid,  but  this  lac  could  not  be  bleached. 

Bees  wax  formed  a foap-like  mafs  by  union  with  pot-alh,  which  was  foluble 
like  common  foap  in  water,  but  this  lac  afforded  an  imperfedt  foap. 

It  is  well  known  that  bees  wax  burns  without  affording  almoft  any  fmoke  or 
fmell,  and  produces  a fteady  light.  Dr.  Pearfon  did  not  find  that  white  lac, 
united  with  oil  of  olive,  formed  a wax  little  inferior  to  bees  wax,  which  is  faid 
to  be  the  cafe  with  the  pe-la  of  the  Cbinefe.  By  this  union  he  made  white  lac 
whiter  and  as  foft  as  bees  wax ; but  it  ftill  afforded  fmoke,  a refinous  fmell,  and 
an  unfleady  light,  as  before. 

Water  extraded  nothing  from  pure  bees  wax. 

Nitrous  acid,  in  the  cold,  only  rendered  it  white;  but,  on  boiling,  the 
lac  wholly  diflblved;  and  like  the  white  lac,  on  cooling,  it  feparated,  and  was 
rendered  white.  . 

Oil  of  turpentine,  and 

Sulphuric  aether  formed  compounds  with  bees  wax  fimilar  to  thofe  with  white 
lac.  The  folution  of  bees  wax  in  fulphuric  aether,  on  evaporation  left  a white 
powdery  fubftance,  which  on  melting  was  found  to  be  common  yellow  wax. 

Alcohol,  the  fpecific  gravity  of  which  to  water  was  as  835  to  1000,  diflolved  bees 
wax  wish  much  more  difficulty,  and  in  much  fmaller  proportion,  than  white  lac. 
By  digeftion  in  this  menftruum,  at  the  temperature  of  130°  to  140°,  it  appeared 
that  bees  wax  was  totally  foluble ; but  the  fame  wax  by  repeated  digeftions 
became  more  and  more  difficultly  foluble ; apd  yet  it  did  not  appear  that  the 
laft  portion  of  wax  was  different  in  its  other  properties  from  wax  which  had  not 
been  digefted. 

On  evaporation  of  this  folution  to  drynefs,  a white  fubftance  in  a powdery  form 
remained,  which  being  melted  was  yellow  wax. 

Bees  wax,  on  decompofition  by  fire,  in  clofe  veflels,  with  the  hydro-pneumatic 
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apparatus  affixed,  yielded  refembling  or  nearly  fimilar  fubftances  to  thofe  obtained 
on  the  analyfis  of  white  lac  by  fire  ; for  1800  grains  of  bees  wax  gave  1200 
grains  of  white  butyraceous  oil,  with  a little  thin  brown  oil,  and  a very  fmall 
quantity  of  water  and  acid  ; and  a very  large  quantity  of  hydrogen  and  car- 
bonic acid  gas,  with  which  was  probably  mixed  nitrogen  gas  ; but  Dr.  Pearfon 
was  prevented  by  an  accident  from  determining  the  pref  nce  of  this  laft  gas. 
In  the  retort  there  remained  only  about  ten  grains  of  carbonaceous  mau.er  The 
fmell  of  the  empyreumatic  oils  was  very  different  from  thofe  of  white  lac, 

3.  White  lac  appears  to  have  the  fame  kinds  of  affinity  as  bees  wax  ; but 
many  of  their  combinations  are  fo  very  different  in  the  two  cafes  as  to  determine 
white  lac  and  bees  wax  to  be  different  fpecies  of  fubftances,  although  they  agree 
with  one  another  in  more  properties  than  they  do  with  any  other  known  bodies. 
As  to  the  pe-la  of  the  Chinefe,  we  cannot  judge  of  it  unlefs  a more  particular 
account  had  been  given  of  its  qualities.  > 

4.  White  lac  and  bees  wax  appear  to  be  homogeneous  fubftances,  and  to  confift 
of  the  fame  kind  of  conftituent  parts,  but  the  proportion  of  thefe  parts  is  very  dif- 
ferent in  the  two  fubftances  and  hence  the  difference  in  the  properties  of  bees  wax 
and  white  lac.  Dr.  Pearfon  confiders  the  phofphorate  of  lime,  the  foda  and  muriate 
of  foda,  as  extraneous  to  the  compofition  of  lac.  The  different  compofition  of  the 
two  fubftances  may,  he  thinks,  enable  us  to  explain  in  a probable  manner  the  dif- 
ferent a&ion  of  other  bodies  upon  them.  For  inftance,  as  it  appears  that  a much 
greater  proportion  of  carbon  enters  into  the  compofition  of  white  lac  than  bees  wax, 
the  quantity  of  oxygen  gas  in  atmofpheric  air,  applied  under  the  ufual  circum- 
ftances  of  combuftion,  is  not  fufficient  to  combine  with  the  whole  of  the  carbon, 
and  other  components  of  a given  part  of  white  lac,  wherefore  a portion  of. carbon 
remains  uncombined,  in  the  form  of  foot,  or  a fublimate  ; but  when  oxygen  gas 
is  applied,  the  whole  of  the  carbon  is  combined  with  it,  and  of  courfe  no  fmoke 
appears. 

The  fmaller  proportion  of  carbon  in  bees  wax  than  white  lac,  affords  a pro- 
bable reafon  why  there  js  lefs  fmoke  during  the  combuftion  of  bees  wax  than 
white  lac. 

It  appears  reafonable  to  conclude,  that  white  lac  might  be  made  to  ferve  for 
illumination  and  combuftion  as  well  as  bees  wax,  either  by  diminilhing  the 
proportion  of  carbon,  or  by  increafing  the  proportion  of  the  other  components. 

WEIGHTS.  For  a table  of  weights  fee  Balance.  It  would  certainly  be 
very  advantageous  for  fcience,  if  all  chemical  operations  were  made  with  weights 
decimally  divided.  For  though  the  abfolute  quantities  ufed  by  philofophers  in 
different  nations  would  not  by  this  means  be  known,  yet  the  proportional  refults 
would  be  every  where  the  fame.  As  the  writings  of  the  French  chemifts  fre- 
quently convey  accounts  of  weight  in  pounds,  marks,,  gros,  or  grains,  it  may  be 
ufeful  in  this  place  to  obferve,  that 

The  Paris  pound  contains  2 marks,  and  is  to  the  Englifh  troy  pound  as  21  to 
16.  It  is  equal  to  7560  troy  grains. 

The  Paris  mark  contains  8 Paris  ounces. 

The  Paris  ounce  contains  8 Paris  drams  or  gros,  and  is  equal  to  4724  troy 
grains. 

The  Paris  dram  or  gros  contains  3 Paris  fcruples,  or  deniers,  and  is  equal  to 
72  Paris  grains,  or  to  59-4  troy  grains. 

The  Paris  fcruple  or  denier  contains  24  Paris  grains,  and  is  equal  to  1944 
troy  grains. 
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The  Paris  grain  is  the  -^V^th  part  of  a Paris  pound,  and  is  to  the  troy  grain 
as  7560  to  9-16. 

WELD,  or  WOALD  (refeda  luteola,  Lin.),  is  a plant  very  common  in  the 
environs  of  Paris,  in  moft  of  the  French  provinces,  and  in  a great  part  of  the 
reft  of  Europe.  It  pulhes  out  long  narrow  leaves,  of  a lively  green  : from  the 
midft  of  thefe  leaves  the  (talk  rifes  to  the  height  of  three  or  four  feet,  frequently 
branchy,  and  furniflhed  with  leaves,  narrow  like  the  radical  ones,  but  (horter  as 
they  approach  the  flowers,  which  are  difpofed  in  long  fpikes.  The  whole  of 
the  plant  is  ufed  for  dyeing  yellow. 

Two  forts  of  weld  are  diftinguifhed.  The  baftard,  or  wild,  which  grows 
naturally  in  the  fields ; and  the  cultivated,  the  (talks  of  which  are  fmaller,  and 
not  fo  high.  For  dyeing,  the  latter  is  preferred,  it  abounding  more  in  colouring 
matter.  The  more  (lender  the  (talk,  the  more  it  is  valued. 

When  the  weld  is  ripe,  it  is  pulled,  dried,  and  made  into  bundles,  in  which 
ftate  it  is  ufed. 

When  the  decoftion  of  weld  is  very  ftrong,  it  has  a yellow  colour  inclining 
to  brown : if  it  be  greatly  diluted  with  water,  its  yellow,  which  is  more  or  lefs 
pale,  inclines  a little  to  green. 

If  a little  alkali  be  added  to  this  decocftion,  its  colour  grows  deeper,  and 
after  a certain  time,  a little  a(h-coloured  precipitate  falls  down,  which  is  not  fo- 
luble  in  alkalis. 

Acids  in  general  render  its  colour  paler,  and  occafion  a little  precipitate, 
which  will  diflolve  in  alkalis,  giving  them  a yellow  colour  inclining  to  brown. 

Alum  forms  with  it  a yellowifh  precipitate,  and  the  liquor  retains  a fine  le- 
mon colour.  If  a folution  of  alkali  be  poured  into  this  liquor,  a whitilh  yel- 
low precipitate,  foluble  in  alkalis,  is  thrown  down,  but  the  liquor  dill  remains 
coloured. 

Solution  of  common  fait,  or  of  fal  ammoniac,  renders  the  liquor  turbid,  and 
its  colour  "at  firft  a little  deeper  ; by  degrees  a deep  yellow  precipitate  forms, 
and  the  fupernatant  liquor  retains  a pale  yellow  colour,  a little  inclining  to 
green. 

Solution  of  tin  produces  a copious  bright  yellow  precipitate  : the  liquor  re- 
mains a long  time  turbid,  but  (lightly  coloured. 

Vitriol  of  iron  produces  a plentiful  dark  gray  precipitate,  and  the  fuperna- 
tant liquor  is  brownith. 

Vitriol  of  copper  occafions  a brownifh  green  precipitate,  and  the  liquor  pre^ 
ferves  a pale  green  colour. 

The  yellow  communicated  to  wool  by  weld  has  little  permanency,  if  the 
wool  be  not  previoufly  prepared  by  fome  mordant.  For  this  purpofe  alum 
and  tartar  are  ufed,  by  means  of  which  that  plant  gives  a very  pure  yellow, 
which  has  the  advantage  of  being  permanent. 

For  the  boiling,  which  is  conducted  in  the  common  way,  Hellot  direfts  four 
ounces  of  alum  to  every  pound  of  wool,  a,nd  only  one  ounce  of  tartar  : many 
dyers,  however,  ufe  half  as  much  tartar  as  alum.  Tartar  renders  the  colour 
paler,  but  more  lively. 

For  the  welding,  that  is  for  the  dyeing  with  weld,  the  plant  is  bailed  in  a 
frefh  bath,  inclofing  it  in  a bag  of  thin  linen,  and  keeping  it  from  rifing  to 
the  top  by  means  of  a heavy  wooden  crofs.  Some  dyers  boil  it  till  it  finks 
to  the  bottom  of  the  copper,  and  then  let  a crofs  down  upon  it  : others,  when 
it  is  boiled,  take  it  out  with  a rake  and  throw  it  away. 
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Kellot  direds  five  or  fix  pounds  of  weld  for  every  pound  of  cloth  ; but  dy- 
ers feldom  ufe  fo  much,  contenting  themfelves  with  three  or  four  pounds,  or 
even  much  lefs.  Many  indeed  add  to  the  weld  a little  quick -lime  and  afhes, 
which  favour  the  extraction  of  the  colouring  matter,  and  heighten  its  colour, 
but  at  the  fame  time  render  it  liable  to  be  changed  by  the  action  of  acids. 
The  quantity  of  weld,  however,  ought  to  be  proportionate  to  the  depth  of  the 
fhade  to  be  obtained. 

Lighter  and  brighter  fhades  may  be  obtained  by  dyeing  after  deeper  ones, 
adding  water  at  each  dipping,  and  keeping  the  bath  boiling  : but  light  fhades 
procured  in  this  way  are  not  fo  lively  as  when  frefh  baths  are  ufed,  proportion- 
ing the  quantity  of  weld  to  the  depth  of  the  fhade. 

Common  fait  added  to  the  weld  bath  renders  its  colour  richer  and  deeper  : 
vitriol  of  lime,  or  gypfum,  alfo  deepens  it : but  alum  renders  'it  paler  and 
more  lively,  and  tartar  ftill  paler.  Vitriol  of  iron  makes  it  incline  to 
brown.  The  fhades  obtained  from  weld  may  be  modified  by  fuch  additions, 
by  the  proportion  of  the  weld,  by  the  length  of  the  operation,  and  by  the  mor- 
dants employed  in  preparing  the  fluff.  Thus  Scheffer  fays,  that  by  boiling  die 
wool  two  hours  with  a fourth  its  weight  of  folution  of  tin,  and  the  fame  of  tar- 
tar, wafhing  it  and  boiling  it  fifteen  minutes  with  an  equal  weight  of  weld,  it 
will  take  a fine  yellow,  which,  however,  will  not  penetrate  its  internal  texture. 
Mr.  Poerner  alfo  directs  the  cloth  to  be  prepared  as  for  dyeing  fcarlet.  By 
thefe  means  greater  brightnefs  and  permanency  are  given  to  the  colour,  which, 
cateris  paribus , is  at  the  fame  time  lighter. 

The  colour  may  be  modified  alfo  by  paffing  the  cloth,  when  it  comes  out  of 
the  dye,  through  another  bath.  Thus,  to  produce  a golden  yellow,  the  cloth, 
when  it  comes  out  of  the  welding,  may  be  paffed  through  a flight  madder  bath  ; 
and  for  a tawny  (tannee),  through  a bath  made  with  a little  foot. 

To  dye  filk  plain  yellow,  in  general  no  other  ingredient  than  weld  is  ufed. 
The  filk  ought  to  be  fcoured  in  the  proportion  of  twenty  pounds  of  foap  to 
the  hundred,  and  afterwards  alumed  and  refrefhed,  that  is,  wafhed  after  the 
aluming. 

A bath  is  prepared  with  two  pounds  of  weld  for  each  pound  of  filk,  whick 
after  a quarter  of  an  hour’s  boiling  is  to  be  paffed  through  a fieve  or  cloth  intd 
a vat;  when  it  is  of  fuch  a temperature  as  the  hand  can  bear,  the  filk  is  put  in, 
and  turned  till  the  colour  is  become  uniform : during  this  operation  the  weld 
is  boiled  a fecond  time  in  frefh  water ; about  half  of  the  firfl  bath  is  taken  out, 
and  its  place  fupplied  by  a frefh' decodion.  This  frefh  bath  may  be  ufed  a 
little  hotter  than  the  former ; too  great  a degree  of  heat  however  mufl  be  avoid- 
ed, that  no  part  of  the  colour  already  fixed  may  be  diffolved  ; it  is  to  be  turned 
as  before,  and  in  the  mean  time  a quantity  of  cendres  gravel  lees  is  to  be  diT-* 
folved  in  a part  of  the  fecond  decodion ; the  filk  is  to  be  taken  out  of  the 
bath,  that  more  or  lefs  of  this  folution  may  be  pul  in,  according  to  the  fhade 
required.  After  it  has  been  turned  a few  times,  a hank  is  wrung  with  the  pin, 
that  it  may  be  feen  whether  the  colour  be  fufficiently  full,  and  have  the  pro- 
per gold  cafl  : if  it  fhould  not,  a little  more  of  the  alkaline  folution  is  added,  the 
effed  of  .which  is  to  give  the  colour  a gold  cafl,  and  to  render  it  deeper.  In 
this  way  the  procefs  is  to  be  continued,  until  the  filk  has  attained  the  defired 
fhade  ; the  alkaline  folution  may  alfo  be  added  along  with  the  fecond  decoc« 
tion  of  the  weld,  always  taking  care  that  the  bath  be  not  too  hot. 
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If  we  wi(h  to  produce  yellows  with  more  of  a gold  or  jonquille  colour,  a. 
quantity  of  anotta  proportioned  to  the  (hade  required  muft  be  added  to  the 
bath  along  with  the  alkali. 

For  the  light  (hades  of  yellow,  fuch  as  pale  lemon  or  canary-bird  co- 
lour, the  filk  ought  to  be' fcoured  as  for  blue,  becaufe  the  (hades  are  more 
beautiful  and  tranfparent  in  proportion  as  the  ground  on  which  they  are  laid 
is  whiter  : the  ftrength  of  the  bath  is  proportioned  to  the  (hade  we  wi(h  to  ob- 
tain ; and  if  we  intend  that  the  yellow  (hould  have  a tinge  inclining  to  green, 
more  or  lefs  of  the  indigo  vat  is  added,  if  the  filk  has  not  been  azured.  To 
prevent  the  (hades  from  being  too  deep,  the  (ilk  may  be  more  (lightly  alumed 
than  ufual. 

Scheffer  direfls  that  the  (ilk  (hould  be  foaked  twenty-four  hours  in  a folution 
of  tin,  made  with  four  parts  of  nitrous  acid,  one  of  common  fait,  and  one  of 
tin,  and  faturated  with  tartar;  that  it  (hould  be  wafhed,  apd  boiled  half  an  hour 
with  an  equal  quantity  of  weld  flowers.  He  fays,  that  a fine  draw-colour  is 
thus  obtained,  which  pofieffes  the  advantage  of  redding  the  acftion  of  acids.  By 
following  this  procefs,  very  little  tin  can  remain  in  the  folution,  becaufe  the 
acid  of  tartar  precipitates  it. 

In  dyeing  cotton  yellow,  we  begin  by  fcouring  it  in  a bath  prepared  with  the 
ley  of  the  afhes  of  green  wood  *,  it  is  then  wafhed,  dried,  and  alumed  with  one 
fourth  of  its  weight  of  alum ; after  twenty-four  hours  it  is  taken  out  of  the 
aluming,  and  dried  without  being  wafhed.  A weld  bath  is  then  prepared, 
with  the  proportion  of  a pound  and  a quarter  of  weld  for  each  pound  of  cot- 
ton ; in  this  the  cotton  is  dyed,  by  being  turned  and  wrought  in  it  until  it 
has  acquired  a proper  (hade ; it  is  taken  out  cf  this  bath  to  be  foaked  for  an 
hour  and  a half,  in  a folution  of  vitriol  of  copper  or  blue  vitriol,  in  the  pro- 
portion of  one  fourth  of  the  weight  of  the  cotton  ; it  is  then  thrown,  without 
being  wafhed,  into  a boiling  folution  of  white  foap  made  with  the  fame  pro- 
portions : after  being  well  ftirred,  it  is  boiled  in  it  for  nearly  an  hour,  then  well 
wafhed  and  dried.  Berthollet. 

WHEAT.  The  firft  part  of  the  preparation  of  farinaceous  feeds  to  be  ufed 
as  food,  confifls  in  mechanical  trituration  ; after  which,  by  the  addition  of 
water,  and  the  fubfequent  aftion  of  heat,  bread  and  other  welt  known  com- 
pounds are  formed.  Wheat  is  found  by  experience  to  be  the  mod  nutritive 
of  vegetable  matters,  and  upon  chemical  examination  it  proves  to  poflefs  more 
of  the  gluten,  or  vegeto-animal  matter,  than  any  other  fubftance  of  this  clafs. 
Melfrs.  Beccari,  an ‘Italian  pbyfician,  and  Kelfel  Meyer,  in  Germany,  are  the 
firft  chemifts  who  attempted  to  feparate  the  different  principles  of  which  farina 
confifls.  Meffrs.  Rouelle,  Spielman,  Malouin,  Parmentier,  Poulletier  de  la 
Salle,  and  Macquer,  have  profecuted  thefe  refearches  much  farther  than  the 
above-mentioned  naturalifts.  M.  Parmentier  efpecially  has  profecuted  them 
with  very  uncommon  zeal  and  induftry. 

In  performing  this  analyfis,  a pafte  is  firft  to  be  compofed  of  the  farina  with 
water ; the  pafte  muft  then  be  kneaded  in  an  earthen  veffel,  with  water  pour- 
ing upon  it  from  a cock;  the  fluid  as  it  falls  upon  the  pafte  takes  up  from  it  a 
very  fine  white  powder,  by  means  of  which  it  acquires  the  colour  and  confift- 
ency  of  milk  ; let  this  procefs  be  continued  till  the  water  runs  off  clear.  The 
farina  is  now  found  to  be  naturally  feparated  into  three  diftinft  fubftances — a 
gray  elaftic  matter  that  (licks  to  the  hand,  and  on  account  of  its  properties 
has  gained  the  name  of  the  glutinous  or  vegeto-animal  part;  a white  powder  which 
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falls  to  the  bottom  of  the  water,  and  is  the  feculum  or  ftarch  ; and  a matter 
which  remains  diffolved  in  the  water,  and  feems  to  be  a fort  of  mucilaginous 
extradt.  We  (ball  proceed  to  an  examination  of  each  of  thefe  three  fubftances. 

The  glutinous  part  is  a tenacious,  dudlile,  elaftic  matter,  of  a whitifh  gray 
■colour.  It  may  be  extended  to  twenty  times  its  natural  length;  and  it  then 
feems  as  if  compofed  of  fibres  or  filaments.  When  the  power  by  which  it  was 
extended  ceafes  to  adt,  it  returns  with  elaftic  force  towards  its  primary  form. 
By  drawing  it  out  in  different  directions,  it  may  be  rendered  fo  thin  as  to  re- 
ferable the  membranes  of  animals.  In  this  flate  it  adheres  with  confiderable 
force  to  dry  bodies,  and  forms  a very  tenacious  glue,  which  was  ufed  by  fome 
•artifts  for  the  purpofe  of  re- uniting  pieces  of  broken  porcelain,  long  before 
chemifts  had  difcovered  the  method  of  obtaining  it  in  large  quantities.  M.  Bec- 
cari  obferves,  that  in  the  beft  flour  the  proportion  of  the  glutinous  matter  is 
from  a fifth  to  a third  part,  or  even  more  : — he  remarks  too,  that  this  propor- 
tion-varies  according  to  the  feafon  and  the  nature  of  the  corn. 

The  glutinous  matter  has  an  agreeable  and  fome  what  mufcous  fmell ; its 
tafte  is  infipid  ; it  fwells  amazingly  when  expofed  to  a ftrength  of  heat,  fuffi- 
cient  to  dry  it  quickly.  It  dries  very  well  by  a moderate  heat,  or  even  in  the 
dry  air.  It  then  becomes  femi-tranfparent  and  hard,  like  a ftrong  glue,  and 
like  that  fubftance  breaks  with  noife,  and  w'ith  a finooth  fradture.  If  when  in 
this  ftate  it  be  laid  on  a burning  coal,  or  held  over  the  flame  of  a taper,  it  ex- 
hibits all  the  charadteriftics  of  an  animal  matter ; it  crackles,  fwells,  becomes 
liquid,  is  agitated,  and  burns  in  the  fame  way  as  a feather,  ora  piece  of  horn, 
exhaling  a ftrong  fetid  fmell.  When  diftilled  in  a retort,  it  affords,  like  animal 
matters,  water  impregnated  with  volatile  alkali,  the  fame  alkali  in  a concrete 
ftate,  and  an  empyreumatic  oil ; the  carbonaceous  reftdue  is  very  difficult  to 
incinerate,  and  is  found  to  contain  no  fixed  alkali. 

The  gluten,  when  expofed  frefh  to  a moift  and  hot  air,  is  altered,  and  ac- 
tually putrefies  in  the  fame  manner  as  animal  matters.  If  it  ftill  retain  a little 
ftarch,  then  the  ftarch,  palling  into  the  ftate  of  acid  fermentation,  retards  and 
modifies  the  putrid  fermentation  of  the  gluten,  and  reduces  it  to  a ftate  in  which 
it  is  much  like  cheefe.  In  this  way  Rouelle  the  younger  prepared  from  this 
gluten  a fpecies  of  cheefe,  in  tafte  and  fmell  much  the  fame  with  Dutch  cheefe 
and  that  of  Gruyere. 

Water  does  not  at  all  diffolve  this  glutinous  matter.  When  boiled  in  that 
fluid,  it  becomes  folid,  and  lofes  its  tenacity  and  elafticity,  but  neither  acquires 
a tafte  nor  becomes  foluble  in  the  faliva.  It  may  however  be  obferved,  that 
to  the  water  which  svas  ufed  in  making  the  pafte  the  gluten  owes  its  elafticity 
and  folidity.  In  the  farina,  this  vegeto-animal  matter,  which  is  thus  fufceptible 
of  a folid  elaftic  form,  was  in  an  incoherent  and  pulverulent  ftate;  but  when  the 
water  is  poured  upon  the  farina  and  mixed  with  it,  thofe  particles  which  are  of 
a glutinous  nature  abforb  the  fluid,  and  are  by  its  means  fo  clofely  united  as  to 
form,  in  a fliort  time,  that  fort  of  elaftic  folid  which  is  known  by  the  name  of 
gluten.  Water  therefore  contributes  greatly  to  the  formation  of  this  fubftance, 
which  is  perhaps  to  be  confidered  as  a peculiar  compound  faturated  with  water, 
and  for  that  reafon  not  capable  of  abforbing  any  more.  So  true  is  this,  that 
if  it  be  deprived  of  its  water  by  deficCation,  it  lofes  entirely  its  elaftic  and 
adhefive  powers. 

Moft  faline  fubftances  adl  either  with  more  or  lefs  force  on  this  gluten.  The 
vegetable  and  mineral  alkalis,  in  a cauftic  and  liquid  ftate,  diffolve  it  with  the 
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help  of  a boiling  heat.  The  folution  is  turbid,  and  on  the  addition  of  acids 
depofits  gluten,  which  however  is  deftitute  of  elaflicity . 

The  mineral  acids  diffolve  this  gluten.  The  nitrous  acid  diffolves  it  with 
great  activity ; and  M.  Berthollet  has  obferved,  that  this  gluten,  like  ani- 
mal fubftances,  emits  azotic  gas,  when  expofed  to  the  a&ion  of  the  nitrous 
acid.  After  the  emiflion  of  this  elaftic  fluid,  the  folution  affords  a great  deal  of 
nitrous  gas,  and  takes  a yellow  colour.  By  evaporation  it  affords  acid  of  fugar 
in  cryftais.  The  vitriolic  and  the  muriatic  acids  form  with  this  fubftance  brown 
or  violet  folutions.  A fort  of  oily  matter  is  feparated  from  thefe  folutions ; and 
the  gluten  exifts  in  them  in  a real  ftate  of  decompofition.  M.  Poulletier,  who 
has  made  many  experiments  on  this  matter,  has  difcovered,  that  ammoniacal 
falts  may  be  obtained  from  thefe  combinations  diffolved  in  water  or  alcohol, 
and  evaporated  in  the  open  air. 

Fourcroy  remarks,  that  this  fubftance  in  many  of  its  diftinguifhing  proper- 
ties bears  a great  refemblance  to  the  fibrous  part  of  blood.  It  is  to  this  gluten 
the  farina  of  wheat  owes  its  property  of  forming  an  adhefive  pafte  with  water, 
and  its  readinefs  to  rife  with  leaven.  It  appears  either  not  to  exift,  or  to  exift 
only  in  a very  fmall  proportion,  in  the  farina  of  other  vegetable  fubftances,  fuch 
as  rye,  barley,  buckwheat,  rice,  See.  all  of  which  form  folid,  opaque  paftes, 
fcarcely  dudtile  and  brittle,  and  which  can  fcarce  be  raifed  when  expofed  to  the 
fame  temperature  by  which  pafte  of  the  farina  of  wheat-  is  raifed.  No  other 
fubftance  but  flour  of  wheat,  therefore,  is  poffefled  of  all  the  qualities  neceffary 
for  making  good  bread. 

Berthollet  is  of  opinion,  that  this  glutinous  fubftance,  like  animal  matters, 
contains  phofphoric  falts,  which  are  the  occafion  of  its  being  fo  difficult  to  inci- 
nerate. Rouelle  the  younger  has  difcovered  a glutinous  fubftance,  refembling 
that  of  the  farina  of  wheat,  in  the  green  fecula  of  plants,  which  affords  by  ana- 
lyfis  mild  vegetable  alkali,  and  empyreumatic  oil,  like  the  vegeto-animal  mat- 
ter of  which  we  have  been  fpeaking. 

Starch,  or  the  amylaceous  feculum,  is  the  moft  copious  part  of  the  farina.  This 
is  the  fubftance  which  is  carried  off',  and  afterwards  precipitated  from  the  water 
with  which  the  pafte  is  wafhed  in  order  to  obtain  the-  pure  gluten.  This  fub- 
ftance is  very  fine,  feels  foft,  and  has  no  perceptible  tafte.  Its  colour,  when 
it  is  extracted  by  the  procefs  above  deferibed,  is  a dirty  gray  white ; but  the 
manufacturers  of  ftarch  render  it  exceedingly  white,' by  fteeping  it  in  an  acid 
water  which  they  call  four  water.  It  appears  from  the  experiments  of  M.  Poul- 
letier, that  the  fermentation  which  takes  place  in  that  fluid  whitens  and  purifies 
the  ftarch,  by  attenuating  and  even  deftroying  the  extradive  mucous  fubftance 
which  is  precipitated  with  it  in  the  firft  waffling.  Starch  chemically -confidered 
is  a mucilage  of  a peculiar  nature.  This  mucilage,  which  by  fome  chemifts 
has  been  mittaken  for  an  earth,  is  very  different  from  the  gluten.  It  does  not, 
like  the  gluten,  diffufe  an  empyreumatic  fmell  when  it  burns.  When  diftilled 
by  naked  fire,  it  affords  an  acid  phlegm  of  a brown  colour,  and  towards  the 
conclufion  of  the  procefs  a very  thick  empyreumatic  oil.  The  coaly  refid ue  is 
eafily  enough  incinerated,  and  its  afhes  are  found  to  contain  fixed  alkali. 

Starch  is  not  foluble  in  cold  water  ; but  when  boiled  in  cold  water  it  forms 
with  the  fluid  a glue,  or  rather  what  we  call  a pafte.  This  compound  when 
expofed 'to  damp  air  lofes  by  degrees  its  confiftency,  ferments,  becomes  four, 
and  is  covered  over  with  mouldinels. 
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The  nitrous  acid  affords  acid  of  fugar  when  diftilled  from  this  feculum. 

As  {larch  forms  the  greatefl  part  of  flour,  there  can  be  no  doubt  of  its  being 
the  principal  alimentary  fubflance  contained  both  in  flour„and  in  bread. 

By  evaporating  the  clear  water  that  had  been  ufed  in  wafhing  the  pafte,  and 
had  deposited  the  (larch,  M.  Poulletier  obtained  a vifcous  adhefive  matter,  of  a 
brown  yellow  colour,  the  tafle  of  which  was  faintly  faccharine.  This-  fub- 
(lance,  to  which  he  gave  the  name  of  mucofo-faccharine,  difplayed,  in  corn- 
bullion  and  diflillation,  the  fame  phenomena  as  fugar.  By  it,  the  acid 
fermentation  is  produced  in  the  water  which  fwims  over  (larch  ; for,  as  Mac- 
quer  has  obferved,  (larch  is  not  at  all  foluble  in  cold  water.  The  mucofo-faccha- 
rine matter  exifts  in  the  farina  of  wheat  only  in  a very  (mail  proportion.  It 
may  poflibly  be  more  copious  in  the  farina  of  fome  other  vegetable  fub- 
(tances. 

However  fmall  the  proportion  of  this  fubflance  in  the  farina  of  wheat,  yet 
there  can  be  no  doubt  of  its  acting  a peculiar  part  in  the  fermentation  which 
takes  place  in  pafte  and  caufes  it  to  rife.  See  Bread. 

WHETSTONE.  A general  term  among  artifts  and  manufafturers  for  fuch 
'(tones  as  are  ufed  to  (harpen  tools.  I do  not  know’  that,  it  is  peculiarly  appro- 
priated either  to  Turkey-done,' hone,  oil-done,  or  the  polifhing  gray  argilla- 
ceous done,  all  which  are  very  different  in  their  qualities  from  each  other. 

WHEY.  The  fluid  part  of  milk  whieh  remains  after  the  curd  has  been 
feparated.  See  Milk.  It  contains  a faccharine  matter,  fome  butter,  and  a 
fmall  portion  of  cheefe, 

WHITE  COPPER.  See  Tutenag. 

WHITE  SPANISH,  and  WHITE  LEAD.  See  Ceruse. 

WHITING.  Chalk  cleared  of  its  groffer  impurities,  then  ground  in  a 
mill,  and  made  up  into  fmall  loaves,  is  fold  under  the  name  of  whiting. 

WILLOW.  The  leaves  of  the  willow  are  mentioned  by  Scheffer,  as  proper 
for  giving  a dne  yellow  colour  to  wool,  filk,  and  thread.  Bergman  afferts, 
that  the  leaves  of  the  fvveet  willow  (laurier  (aule),  falix  pentandra,  (houl.d  be 
employed,  and  that  the  leaves  of  the  common  willow  give  a colour  which  is 
for  the  mod  part  difcharged  by  the  fun  in  a few  weeks. 

Scheffer  directs,  that  the  wool  diould  be  left  a whole  night  in  a cold  folution  of 
three  ounces  of  alum  and  one  ounce  of  tartar  to  . the  pound.  The  boiling  is 
made  with  leaves  gathered  about  the  end  of  AugufLor  beginning  of  September, 
dried  in  a fhady  but  airy  place:  as  much  of  thefe  as  is  thought  proper  is 
boiled  for  half  an  hour,  and  half  a dram  of  white  pot-afh  for  each  pound  is 
added,  to  render  the  colour  more  bright  and  deep,  and  the  bath  is  paffed  through 
the  fieve  ; it  is  kept  nearly  boiling,  and  the  woof  left  in  it  until  it  has  taken  the 
defired  colour.  He  dire&s  the  fame  procefs  for  (ilk,  and  for  thread,  except 
that  the  proportion  of"  alum  is  increafed  an  ounce  per  pound.  According  to 
Bergman’s  account,  Mr.  Aldroemer  has  obferved,  that  the  colour  was  ren- 
dered richer  by  foaking  the  thread  with  fix  ounces  of  alum,  wringing  and  dry- 
ing it  before  being  dyed  and  that  half  an  ounce  of  pot-afh  per  pound  was  re- 
quired for  the  complete  extraction  of  the  colouring  matter. 

WINE*.  Chemills  give  the  name  of  wine  in  general  to- all  liquors  that  have 
become  fpirituous  by  fermentation.  Thus  cyder,  beer,  vinous  hydromel,  or 
mead,  and  other  fimilar  liquors,  are  wines. 

From  Macquer,  with  alterations. 
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The  principles  and  theory  of  the  fermentation  which  produces  thefe  liquors 
are  effentially  the  fame.  The  more  general  principles  we  have  explained  under 
the  article  Fermentation. 

All  thofe  nutritive,  vegetable,  and  animal  matters,  which  contain  fugar  ready 
formed,  are  fufceptihle  of  the  fplrkuous  fermentation.  Thus  wine  may 
be  made  of  all  the  juices  of  plants,  the  fap  of  trees,  the  infufions  and  de- 
codiions  of  farinaceous  vegetables,  the  milk  of  frugivorous  animals;  and  laftly, 
■it  may  be  made  of  all  ripe  fucculent  fruits ; but  all  thefe  fubftances  are  not 
equally  proper  to  be  changed  into  a good  and  generous  wine. 

As  the  production  of  ardent  fpirit  is  the  refult  of  the  fpirituous  fermentation, 
that  wine  may  be  confidered  as  effentially  the  belt  which  contains  mod  of  this 
fpirit.  But  of  all  fubftances  fufceptible  of  the  fpirituous  fermentation,  none  is 
capable  of  being  converted  into  fo  good  wine,  as  the  juice  of  the  grapes  of 
France,  or  of  other  countries  that  are  nearly  in  the  fame  latitude,  or  in  the  fame 
temperature.  The  grapes  of  hotter  countries,  and  even  thofe  of  the  fouthern 
provinces  of  France,  do  indeed  furnifh  wines  that  have  a more  agreeable,  that 
is,  more  of  a faccharine  tafte  ; but  thefe  wines,  though  they  are  fufficiently 
ftrong,  are  not  fo  fpirituous  as  thofe  of  the  provinces  near  the  middle  of  France  : 
at  leaft,  from  thefe  latter  wines  the  belt  vinegar  and  aqua  vitae  are  made.  As 
an  example,  therefore,  of  fpirituous  fermentation  in  general,  we  (hall  defcribe 
the  method  of  making  wine  from  the  juice  of  the  grapes  of  France. 

This  juice  when  newly  expreffed,  and  before  it  has  begun  to  ferment,  is 
called  tnuft,  and  in  common  language  fweet  wine.  It  is  turbid,  has  an  agree- 
able and  very  faccharine  tafte.  It  is  very  laxative  ; and  when  drunk  too  freely, 
or  by  perfons  difpofed  to  diarrhoeas,  it  is  apt  to  occafion  thefe  diforders.  Its 
confidence  is  fomewhat  left  fluid  than  that  of  water,  and  it  becomes  almoft  of  a 
pitchy  thicknefs  when  dried. 

When  the  muft  is  prefled  from  the  grapes,  and  put  into  a proper  veffel  and 
place,  with  a temperature  between  fifty-five  and  fixty  degrees,  very  fenfible  ef- 
fefts  are  produced  in  it,  in  a (horter  or  longer  time  according  to  the  nature  of 
the  liquor,  and  the  expofure  of  the  place.  It  then  fwells,  and  is  fo  rarefied, 
that  it  frequently  overflows  the  veffel  containing  it,  if  this  be  nearly  full.  An  in- 
teftine  motion  is  excited  among  its  parts,  accompanied  with  a fmall  hiding 
noife  and  evident  ebullition.  The  bubbles  rife  to  the  furface,  and  -at  the  lame 
time  is  difengaged  a quantity  of  fixed  air  of  fuch  purity,  and  fo  fubtle  and  danger- 
ous, that  it  is  capable  of  killing  inftantly  men  and  animals  expofed  to  it  in  a place 
where  the  air  is  not  renewed.  The  (kins,  ftones,  and  other  groffer  matters  of 
the  grapes  are  buoyed  up  by  the  particles  of  difengaged  air  that  adhere  to  their 
furface,  are  variously  agitated,  and  are  raifed  in  form  of  a fcum  or  foft  and 
fpongy  cruft  that  covers  the  whole  liquor.  During  the  fermentation  this  cruft 
is  frequently  raifed,  and  broken  by  the  air  difengaged  from  the  liquor  which 
forces  its  way  through  it  3 afterwards  the  cruft  fubfides,  and  becomes  entire  as 
before. 

Thefe  effects  continue  while  the  fermentation  is  bride,  and  at  laft  gradually 
ceafe  : then  the  cruft,  being  no  longer  fupported,  falls  in  pieces  to  the  bottom  of 
the  liquor.  At  this  time,  if  we  would  have  a ftrong  and  generous  wine,  all  fen- 
fible  fermentation  muft  be  flopped.  This  is  done  by  putting  the  wine  into  clofe 
veffels,  and  carrying  thefe  into  a cellar  or  other  cool  place. 

After  this  firft  operation,  an  interval  of  repofe  takes  place,  as  is  indicated  by 
the  ceffation  of  the  fenfible  effe&s  of  the  fpirituous  fermentation  ; and  thus  en- 
ables 
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ables  us  to  preferve  a liquor  no  lefs  agreeable  in  its  tafte,  than  ufeful  for  its  re- 
viving and  nutritive  qualities  when  drunk  moderately. 

If  we  examine  the  wine  produced  by  this  firft  fermentation,  we  fhall  find 
that  it  differs  entirely  and  eflentially  from  the  juice  of  grapes  before  fermenta- 
tion. Its  fweet  and  faccharine  tafte  is  changed  into  one  that  is  very  different, 
though  ftill  agreeable,  and  fomewhat  fpirituous  and  piquant.  It  has  not  the 
laxative  quality  of  muft,  but  affecfts  the  head,  and  occafions,  as  is  well  known, 
drunkennefs.  Laftly,  if  it  be  diftjlled,  it  yields,  inftead  of  the  infipid  water  ob- 
tained from  muft  by  diftillation  with  the  heat  of  boiling  water,  a volatile,  fpiri- 
tuous, and  inflammable  liquor  called  fpirit  of  wine,  or  ardent  fpirit.  This  fpirit 
is  confequently  a new  being,  produced  by  the  kind  of  fermentation  called  the 
vinous  or  fpirituous.  See  Spirit  (Ardent.) 

When  any  liquor  undergoes  the  fpirituous  fermentation,  all  its  parts  feem  not 
to  ferment  at  the  fame  time,  otherwife  the  fermentation  would  probably  be  very 
quickly  completed,  and  the  appearances  would  be  much  moreftriking  : hence,  in 
a liquor  much  difpofed  to  fermentation,  this  motion  is  more  quick  and  fimulta- 
neous  than  in  another  liquor  lefs  difpofed.  Experience  has  (hewn,  that  a wine, 
the  fermentation  of  which  is  very  flow  and  tedious,  is  never  good  or  very  fpiri- 
tuous ; and  therefore,  when  the  weather  is  too  cold,  the  fermentation  is  ufually 
accelerated  by  heating  the  place  in  which  the  wine  is  made.  A propofal  which 
Macquer  thinks  is  a good  one,  has  been  made  by  a perfon  very  intelligent  in  eco- 
nomical affairs,  to  apply  a greater  than  the  ufual  heat  to  accelerate  the  fermenta- 
tion of  the  wine,  in  thofe  years  in  which  grapes  have  not  been  fufficiently  ripened, 
and  when  the  juice  is  not  fufficiently  difpofed  to  fermentation. 

A too  hafty  and  violent  fermentation  is  perhaps  alfo  hurtful,  from  the  diffipation 
and  lofs  of  fome  of  the  fpirit  : but  of  this  we  are  not»certain.  However,  we  may 
diftinguifh  in  the  ordinary  method  of  making  wines  of  grapes,  two  periods  in  the 
fermentation,  the  firft  of  which  lafts  during  the  appearance  of  the  fenfible  effetfts 
above  mentioned,  in  which  the  greateft  number  of  fermentable  particles  do  fer- 
ment. After  this  firft  effort  of  fermentation,  -thefe  effetfts  fenfibly  diminifh,  and 
ought  to  be  flopped  for  reafons  hereafter  to  be  mentioned.  The  fermentative 
motion  of  the  liquors  then  ceafes.  The  heterogeneous  parts  that  were  fuf- 
pended  in  the  wines  by  this  motion,  and  which  render  it  muddy,  are  feparated, 
and  form  a fediment  called  the  lees ; after  which  the  wine  becomes  clear  : but 
although  the  operation  be  then  confidered  as  finifhed,  and  the  fermentation  ap- 
parently ceafes,  it  does  not  really  ceafe;  and  it  ought  to  be  continued  in  fome 
degree,  if  we  would  have  good  wine.  In  this  new  wine  a part  of  the  liquor  pro- 
bably remains  that  has  not  fermented,  and  which  does  afterwards  ferment,  but  lb 
very  flowly,  that  none  of  the  fenfible  effefts  produced  in  the  firft  fermentation  are 
here  perceived.  The  fermentation  therefore  ftill  continues  in  thiwine,  during  a 
longer  or  fhorter  time,  although  in  an  imperceptible  manner ; and  this  is  the  fe- 
cond  period  of  the  fpirituous  fermentation,  which  may  be  called  the  impercepti- 
ble fermentation.  We  may  eafily  perceive  that  the  effeifl  of  this  imperceptible 
fermentation  is  the  gradual  increafe  of  the  quantity  of  fpirit  in  wine.  It  has  alfo 
another  effect  no  lefs  advantageous,  namely,  the  feparation  of  the' acid  fait  called 
tartar  from  the  wine.  This  matter  is  therefore  a fecond  fediment  that  is  formed  in 
the  wine,  and  which  adheres  to  the  fides  of  the  containing  veflels.  As  the  tafte 
of  tartar  is  harlh  and  difagreeable,  it  is  evident  that  the  wine,  which  by  means 
of  the  infenfible  fermentation  has  acquired  more  fpirit,  and  has  difengaged  itfelf 
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of  the  greateft  part  of  its  tartar,  ought  to  be  much  better  and  more  agreeable ; 
and  for  this  reafon  chiefly,  old  wine  is  univerfally  preferable  to  new  wine. 

But  infenfible  fermentation  can  only  ripen  and  meliorate  the  wine,  if  the  fenfi- 
ble  fermentation  has  regularly  proceeded,  and  has  been  flopped  in  due  time. 
We  know  certainly,  that  if  a fufficient  time  has  not  been  allowed  for  the  firft  pe- 
riod of  the  fermentation,  the  unfermented  matter  that  remains,  being  in  too  large 
a quantity,  will  then  ferment  in  the  bottles,  or  clofe  veflels  in  which  the  wine  is 
put,  and  will  occaflon  effeds  fo  much  more  fenfible,  as  the  firft  fermentation 
fhall  have  been  fooner  interrupted  : hence  thefe  wines  are  always  turbid,  emit 
bubbles,  and  fometimes  break  the  bottles,  from  the  large  quantity  of  air  difen- 
gaged  during  the  fermentation.  We  have  an  inflance  of  thefe  effeds  in  the  wine 
of  Champagne,  and  in  others  of  the  fame  kind.  The  fenfible  fermentation  of 
thefe  wines  is  interrupted,  or  rather  fupprefled,  that  they  may  have  this  fparkling 
quality.  It  is  well  known  that  thefe  wines  make  the  corks  fly  out  of  the  bottles, 
that  they  fparkle  and  froth  when  they  are  poured  into  glafles,  and  laftly,  that 
they  have  a tafte  much  more  lively  and  more  piquant  than  wines  that  do  not 
fparkle;  but  this  fparkling  quality,  and  all  the  effeds  depending  on  it,  are  only 
caufed  by  a confiderable  quantity  of  air  which  is  difengaged  during  the  confined 
fermentation  which  the  wine  has  undergone  in  clofe  veflels.  This  air  not  having 
an  opportunity  of  efcaping,  and  of  being  diflipated  as  faft  as  it  is  difengaged,  and 
being  interpofed  betwixt  all  the  parts  of  the  wine,  combines  in  fome  meafure  with 
them,  and  adheres  in  the  fame  manner  as  it  does  to  certain  mineral  waters,  in 
which  it  produces  nearly  the  fame  effeds.  When  this  air  is  entirely  difengaged 
from  thefe  wines,  they  no  longer  fparkle,  they  lofe  their  piquancy  of  tafte,  be- 
come mild,  and  even  almoft  infipid. 

Such  are  the  qualities  that  wine  acquires  in  time,  when  its  firft  fermentation 
lias  not  continued  fufficiently  long.  Thefe  qualities  are  given  purpofely  to  cer- 
tain kinds  of  wine,  to  indulge  tafte  or  caprice ; but  fuch  wines  are  fuppofed  to  be 
unfit  for  daily  ufe.  Wines  for  daily  ufe  ought  to  have  undergone  fo  completely 
the  fenfible  fermentation,  that  the  fucceeding  fermentation  fliould  be  infenfible, 
or  at  leaft  exceedingly  little  perceived.  Wine,  in  which  the  firft  fermentation 
has  been  too  far  advanced,  is  liable  to  worfe  inconveniences  than  that  in  which  the 
firft  fermentation  has  been  too  quickly  fupprefled ; for  every  fermentable  liquor 
is  from  its  nature  in  a continual  inteftine  motion,  more  or  lefs  ftrong  according  to 
circumftances,  from  the  firft  inftant  of  the  fpirituous  fermentation  till  it  is  com- 
pletely putrefied  : hence  from  the  time  of  the  completion  of  the  fpirituous  fermen- 
tation, or  even  before,  the  wine  begins  to  undergo  the  acid  or  acetous  fermenta- 
tion. This  acid  fermentation  is  very  flow  and  infenfible  when  the  wine  is  included 
in  very  clofe  veflels,  and  in  a cool  place  ; but  it  does  gradually  advance,  fo  that 
in  a certain  time  the  wine,  inftead  of  being  meliorated,  becomes  at  laft  four. 
This  evil  cannot  be  remedied  ; becaufe  the  fermentation  may  advance,  but  can- 
not be  reverted.  Wine-merchants,  therefore,  when  their  wines  become  four, 
can  only  conceal  or  abforb  this  acidity  by  certain  fubftances,  as  by  alkalis  and 
abforbent  earths.  But  thefe  fubftances  give  to  wine  a dark  greenifh  colour,  and 
a tafte  which,  though  not  acid,  is  fomewhat  difagreeable.  Befides,  calcareous 
earths  accelerate  confiderably  the  total  deftrudion  and  putrefadion  of  the  wine. 
Calces  of  lead,  having  the  property  of  forming  with  the  acid  of  vinegar  a ft  1:  of 
an  agieeable  faccharine  tafte,  which  does  not  alter  the  colour  of  the  wine,  and 
which  befides  has  the  advantage  of  flopping  fermentation  and  putrefadion,  might 
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be  very  well  employed  to  remedy  the  acidity  of  wine,  if  lead  and  all  its  prepara- 
tions were  not  pernicious  to  health,  as  they  occafion  moft  terrible  colics,  and  even 
death  when  taken  internally.  We  cannot  believe  that  any  wine-merchant, 
knowing  the  evil  confequences  of  lead,  fhould,  for  the  fake  of  gain,  employ  it 
for  the  purpofe  mentioned  ; but  if  there  be  any  fuch  perfons,  they  muft  be  con- 
fidered  as  the  poifoners  and  murderers  of  the  public. 

If  wine  contains  litharge,  or  any  other  calx  of  lead,  it  may  be  dilcovered  by 
evaporating  fome  pints  of  it  todrynefs,  and  melting  the  refiduum  in  a crucible, 
at  the  bottom  of  which  a fmall  regulus  of  lead  may  be  found  after  the  fufion  : but 
an  eafier  and  more  expeditious  proof  is  by  pouring  into  the  wine  fome  liquid 
liver  of  fulphur.  If  the  precipitate  occafioned  by  this  addition  of  the  liver  be 
white,  or  only  coloured  by  the  wine,  we  may  know  that  no  lead  is  contained  : but 
if  the  precipitate  be  dark  coloured,  brown  or  blackifh,  we  may  be  certain  that 
lead  is  contained. 

The  only  fubftances-  that  cannot  abforb  or  deftroy,  but  cover  and  render  fup» 
portable  the  fharpnefs  of  wine,  without  any  inconvenience,  are  fugar,  honey, 
and  other  faccharine  alimentary  matters ; but  they  can  fucceed  only  when  the 
wine  is  very  little  acid,  and  when  an  exceeding  fmall  quantity  only  of  thefe 
fubftances  is  fufficient  to  produce  the  defired  effed ; otherwife  the  wine  would 
have  a fweetifh,  tart,  and  not  agreeable  tafte. 

From  what  is  here  faid  concerning  the  acefcency  of  wine,  we  may  conclude, 
that  when  this  accident  happens,  it  cannot  by  any  good  method  be  remedied,  and 
that  nothing  remains  to  be  done  with  four  wine  but  to  fell  it  to  vinegar  makers, 
as  all  honeft  wine-merchants  do.  It  may  be  obferved,  that  the  firft  fenfible  fer- 
mentation having  been  too  far  advanced,  is  not  the  only  caufe  of  the  acidity  of 
the  wine,  but  that  heat  alfo  is  capable  of  producing  the  fame  effed.  Thus  wine 
which  might  have  been  long  preferved  in  a cool  place,  very  quickly  becomes  four 
when  placed  in  a bad  cellar  ; and  even  as  the  beft  cellars  have  during  the  winter 
a degree  of  heat  much  fuperior  to  that  of  the  atmofphere,  if  would  be  very  pro- 
per, when  wine  difpofed  to  become  four  is  to  be  preferved,  to  bring  it  from  the 
cellar  in  the  beginning  of  winter,  and  leave  it  expofed  to  the  air  during  all  that 
feafon. 

Wine  is  alfo  liable  to  various  other  changes  ; fuch  as  to  become  ropy  and 
mucilaginous,  by  the  continuance  of  the  fermentative  motion  : but  thefe  details 
would  require  an  exprefs  treatife. 

Wine,  and  the  matters  produced  from  wine,  as  brandy,  fpirit  of  wine,  vine- 
gar, lees  of  wine,  tartar,  are  greatly  and  extenfively  ufefui.  The  lees  of  wine 
are  employed  in  the  manufadure  of  hats.  Thefe  lees,  and  alfo  tartar  by  incine- 
ration, yield  a larger  quantity  than  any  other  vegetable  matter  of  pure  fixed 
alkali. 

Wine  has  been  preferred  in  all  times  and  in  all  countries  to  every  other  ali- 
mentary liquor.  We  may  fay  in  general,  that  it  is  good  and  falutary  when  taken 
in  fmall  quantities,  and  that  it  is  pernicious  when  drunk  habitually  and  in  too 
large  quantities.  Wine  becomes  then  a true  flow  poifon,  which  is  fo  much  more 
dangerous,  as  it  is  more  agreeable.  But  if  we  obferve  more  particularly  the 
effeds  of  wine,  we  (hall  perceive  very  great  differences  depending  on  different 
conftitutions.  Some  perfons  drink  habitually  large  quantities  of  pure  wine,  with- 
out any  fenfible  inconvenience  or  difeafe,  or  fhortening  their  lives  f but,  on  the 
contrary,  many  others  do  alfo  entirely  deftroy  their  health  and  (horten  their  lives 
by  an  habitual  ufe  of  wine  even  in  fmall  quantity,  and  mixed  with  water.  Al- 
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though  it  is  always  more  fafe  and  prudent  for  every  perfon  to  drink  little  of  it 
habitually,  and  this  moderation  is  more  indifpenfably  neceflary  to  thofe  whofe 
conftitutions  wine  does  not  fiiit. 

As  the  difeafes  confequent  upon  the  too  free  ufe  of  wine  come  gradually  and 
infen fibly,  fometimes  even  during  many  years,  feveral  perfons,  efpecially  men 
otherwife  very  fober  and  attentive  to  health,  are  everyday  deceived  upon  this  ar- 
ticle, drinking  more  wine  than  is  fuitable  to  their  conftitution,  and  gradually  ruin- 
ing their  health  without  knowing  the  caufe.  It  is  therefore  a matter  of  import- 
ance to  Ihew  the  figns  by  which  wine  may  be  known  to  be  hurtful.  We  may 
know  that  wine  does  not  fuit  a perfon,  when,  after  drinking  moderately  of  it,  his 
breath  acquires  a vinous  fmell  ; when  it  occafions  four  belchings  and  flight  pains 
in  the  head ; and  when,  after  drinking  it  more  copioufly  than  ufual,  it  produces 
ftupefaCtion,  naufea,  and  drunkennefs,  efpecially  when  this  drunkennefs  is  of  the 
morofe,  peevifh,  quarrelfome,  and  irafcible  kind.  Unhappy  is  that  perfon  who 
fuffers  thefe  effeCts  from  wine,  and  notwithftanding  perfifts  in  the  habitual  ufe  of 
it.  Thefe  imprudent  perfons  never  fail  of  coming  to  a miferable  death,  pre- 
ceded by  languor  ; and  premature,  their  common  age  being  about  fifty  years,  or 
a little  more.  The  difeafes  to  which  they  are  moft  fubjeCt  are  obftruCtions  in 
the  liver,  in  the  mefenteric  glands,  and  in  other  abdominal  vifcera,  which  are  al- 
moft  always  fucceeded  by  an  incurable  dropfy.  Thofe  who  digeft  wine  well,  do 
not  fuffer,  or  much  lefs  fenfibly,  the  above-mentioned  effeCts  of  drinking  it. 
Their  drunkennefs  is  accompanied  with  vivacity  and  joy.  Such  perfons  feldom 
die  of  the  obftruCtions  and  dropfy  above  mentioned  : but  wine  is  neverthelefs  fo 
much  more  dangerous  to  them,  that,  as  they  fuffer  none  of  the  difagreeable  ef- 
fects, they  are  more  liable  to  contract  the  habit  of  drinking  too  much.  Drinkers 
of  this  clafs  generally  live  fomewhat  longer  than  the  former  ; but  their  conftitu- 
lion  generally  changes  before  fixty  years  of  age  ; and  the  inheritance  of  their  old 
age  is  either  a fevere  gout  or  palfy,  ftupidity,  imbecility,  or  an  accumulation  of 
thefe  difeafes. 

We  need  not  mention  that  the  too  frequent  ufe  of  brandy,  ratafia,  and  other 
fpirituous  liquors,  is  dill  morepernicious  and  fatal  than  that  of  wine. 

Wine  is  ufed  in  medicine  as  a vehicle  in  the  compofition  of  many  internal  and 
external  remedies.  As  wine  is  compofed  of  an  ardent  fpirit,  water,  extractive 
faponaceous  matter,  and  acid  of  tartar,  it  may  be  very  ufefully  employed  for 
the  extraction  of  almoft  all  the  proximate  principles,  and  consequently  of  the 
medicinal  parts,  of  vegetables.  Many  extracts  are  made  with  wine,  which  may 
be  confidered  as  being  more  complete  than  thofe  made  with  water  : but  phyficians 
who  prefcribe  thefe  extracts  ought  to  remember,  that  befides  the  principles  of 
the  vegetables,  they  alfo  contain  the  extractive  part  of  the  wine,  that  is,  all  the 
principles  of  wine,  excepting  the  ardent  fpirit,  which  is  too  volatile  to  remain  in 
an  extraCt. 

As  wine  when  good  may  be  preferved  during  a long  time,  feveral  medicinal 
wines  prefcribed  in  difpenfatories  are  kept  in  the  lhops  of  apothecaries.'  Such 
are  the  aftringent,  antilcorbutic,  febrifugal  wines  of  the  Peruvian  bark,  of  worm- 
wood, chalybeate  wine,  and  others.  In  many  cafes,  as  in  feveral  chronical  dif- 
eafes, where  tonic,  cordial,  fortifying  and  exciting  remedies  are  indicated,  phy- 
ficians prefer  the  ufe  of  wine  to  water,  as  a vehicle  for  the  infufion  of  purgative, 
aperitive,  and  other  medicinal  fubftances.  See  Spirit,  Ardent. 

WOAD,  Ifatis,  Glaftum,  is  a plant  with  long  green  leaves,  the  lower  ones 
narrow  at  both  ends  j thofe  which  grow  upon  the  ftalk  broad  at  bottom,  like 
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the  head  of  an  arrow.  On  the  tops  come  forth  numerous  yellow  flowers, 
which  are  followed  by  little  flat  pods  containing  the  feeds.  It  grows  wild  in 
fome  parts  of  France,  and  on  the  coafts  of  the  Baltic  fea  : the  wild  woad,  and 
that  which  is  cultivated  for  the  ufe  of  the  dyers,  appear  to  be  the  fame  fpecies 
of  plant. 

The  preparation  of  woad  for  dyeing,  as  pratftifed  in  France,  is  minutely  de- 
fcribed  by  Aftruc,  in  his  Memoirs  for  a Natural  Hiftory  of  Languedoc. — The 
plant  puts  forth  at  firft  five  or  fix  upright  leaves  about  afoot  long  and  fix  inches 
broad;  when  thefe  hang  downwards,  and  turn  yellow,  they  are  fit  for  gathering  : 
five  crops  are  gathered  in  one  year.  The  leaves  are  carried  diredly  to  a . mill, 
much  refembling  the  oil  or  tan  mills,  and  ground  into  a fmooth  pafte.  If  this 
procefs  was  deferred  for  fome  time,  they  would  putrefy,  and  fend  forth  an  infup- 
portable  flench.  The  pafte  is  laid  in  heaps  prefled  clofe  and  fmooth,  and  the 
blackilh  cruft,  which  forms  on  the  outfide,  re-united  if  it  happens-to  crack  : if 
this  was  negleded,  little  worms  would  be  produced  in  the  cracks,  and  the  woad 
would  lofe  of  its  ftrength.  After  lying  for  fifteen  days,  the  heaps  are  opened, 
the  cruft  rubbed  and  mixed  with  the  infide,  and  the  matter  formed  into  oval 
balls,  which  are  prefled  clofe  and  folid  in  wooden  moulds.  Thefe  are  dried 
upon  hurdles  : in  the  fun  they  turn  black  on  the  outfide,  in  a clofe  place  yel- 
lowifb,  efpecially  if  the  weather  is  rainy.  The  dealers  in  this  commodity  prefer 
the  firft,  though  it  is  faid  the  workmen  find  no  confiderable  difference  between 
the  two.  The  good  balls  are  diftinguifhed  by  their  being  weighty,  of  a pretty 
agreeable  fmell,  and,  when  rubbed,  of  a violet  colour  within. — For  the  ufe  of  the 
dyer  thefe  balls  require  a farther  preparation ; they  are  beaten  with  wooden  mallets, 
on  a brick  or  ftone  floor,  into  a grofs  powder,  which  is  heaped  up  in  the'middle 
of  the  room  to  the  height  of  four  feet,  a fpace  being  left  for  paffing  round  the 
fides.  The  powder  moiftened  with  water  ferments,  grows  hot,  and  throws  out 
a thick  fetid  fume.  It  is  (hovelled  backwards  and  forwards,  and  moiftened  every 
day  for  twelve  days ; after  which  it  is  ftirred  lefs  frequently,  without  watering, 
and  at  length  made  into  a heap  for  the  dyer. 

The  powder  thus  prepared  gives  only  brownifh  tindlures  of  different  (hades  to 
water,  to  rectified  fpirit  of  wine,  to  volatile  alkaline  fpirits,  and  to  fixed  alkaline 
lixivia  ; rubbed  on  paper,  it  communicates  a green  ftain.  On  diluting  the 
powder  with  boiling  water,  and  after  (landing  for  fome  hours  in  a clofe  veflel, 
adding  about  one  twentieth  its  weight  of  lime  newly  flaked,  digefting  in  a gen- 
tle warmth,  and  ftirring  the  whole  together  every  three  or  four  hours,  a new  fer- 
mentation begins,  a blue  froth  arifes  to  the  furface,  and  the  liquor,  though  it 
appears  itfelf  of  a reddifh  colour,  dyes  woollen  of  a green,  which  like  the 
green  from  indigo  changes  in  the  air  to  a blue.  This  is  one  of  the  niceft 
procefles  in  the  art  of  dyeing,  and  does  not  well  fucceed  in  the  way  of  a fmall 
experiment. 

Aftruc  propofes  the  manufadluring  of  frefli  woad  leaves  in  Europe,  after  the 
fame  manner  as  the  indigo  plant  is  manufadlured  in  America,  and  thus  preparing 
from  it  a blue  fecula  fimilar  to  indigo,  which  from  his  own  experiments 
he  has  found  to  be  pradlicable.  Such  a management  would  doubtlefs  be  ac- 
companied with  fome  advantages,  though  poffibly  woad  fo  prepared  might 
lofe  thofe  qualities,  which  now  render  it  in  a large  bufine  s preferable  on 
fome  accounts  to  indigo,  as  occafioning  greater  difpatch  when  once  the  vat  is 
ready,  and  giving  outits  colour  lefs  haftily,  fo  as  to  be  better  fitted  for  dyeing- 
very  light  (hades. 
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Hellot  fufpeds  that  a like  blue  fecula  is  procurable  from  many  other  vege- 
tables. Blue  and  yellow  blended  together  compofe  a green:  he  fuppofes  the 
natural  greens  of  vegetables  to  be  compounded  in  like  manner  of  thofe  two  co- 
lours ; and  that  the  blue  is  oftentimes  the  moft  permanent,  fo  as  to  remain  entire 
after  the  putrefadion  or  deftrudion  of  the  yellow.  The  theory  is  fpecious,  and 
perhaps  juft  ; we  know  of  no  other  that  accounts  in  any  degree  for  the  produc- 
tion of  the  indigo  and  woad  blue.  In  the  experiments  however  which  Dr. 
Lewis  made,  of  putrefying  different  herbs  in  water,  the  blue  and  the  yellow  colour, 
if  the  green  was  really  compofed  of  thefe,  were  both  deftroyed  together,  no 
appearance  being  obferved  either  of  one  or  the  other  during  the  whole  pro- 
cels. 

WOLFRAM.  Tungften  and  Wolfram  have  already  been  treated  of  in  the 
article  Acid  of  Tungsten  ; and  the  combinations  of  metals  with  the  regulus  of 
wolfram  have  been  occafionally  mentioned  under  their  refpedive  titles.  Little 
elfe  remains  therefore  to  be  faid  of  this  metallic  fubftancc,  than  to  fpecify  its  ge- 
neral charaders. 

The  yellow  matter,  or  calx  of  wolfram,  turns  blue  by  expofure  to  light,  and 
more  intenfely  if  to  the  light  of  the  fun.  By  a ftrong  heat  in  a covered  crucible, 
it  becomes  of  a blueifh  black  colour,  with  lofs  of  weight,  which  it  recovers,  to- 
gether with  its  original  yellow  colour,  by  calcination,  with  accefs  of  air.  Thefe 
changes  to  the  blue  colour  appear  therefore  to  be  partial  redudions*.  One  hun- 
dred grains  of  the  yellow  calx,  or  acid,  being  put  into  a crucible  with  charcoal 
powder,  well  covered,  and  expofed  to  a ftrong  heat,  became  converted  into  a 
button  of  a dark  brown  colour,  and  friable  with  a diminution  of  forty  grains  of 
ihe  original  weight.  Its  fpecific  gravity  was  17.6  ; and  upon  examination  with 
a glafs,  a congeries  of  metallic  globules  was  feen,  fome  of  them  of  the  fize  of  a 
pin’s  head,  which  when  broke  exhibited  a fradure  refembling  fteel.  Part  of  this 
mafs  being  calcined  became  yellow  as  at  firft,  and  gained  twenty- four  per  cent, 
in  weight.  It  was  not  foluble  in  vitriolic  or  marine  acid  ; but  the  nitrous  acid, 
and  aqua  regia,  converted  it  again  into  the  yellow  calx.  The  yellow  calx 
itfelf  could  not  be  vitrified.  Acetous  acid  converted  the  yellow  colour  to 
a blue. 

When  equal  parts  of  fulphur  and  the  yellow  calx  were  urged  by  a ftrong 
heat,  a blue  friable  mafs  remained,  weighing  lefs  than  one-fourth  of  tli-c 
whole. 

WOOD.  See  Vegetables. 

WOOD-LICE.  See  Millipedes. 

WOOD-SORREL.  See  Acid  of  Sorrel. 

WOQL-p.  The  principal  differences  in  wool  confift  in  the  length  and  finenefs 
of  its  filaments.  That  which  has  the  fineft  filaments  is  referved  for  fine  cloths. 
The  moft  beautiful  wool  is  brought  to  us  from  Spain.  It  is  faid  that  the  highland 
wool  of  Scotland  is  equal  in  quality  to  this.  Mr.  D’Aubenton  has  fhewn  that 
it  may  be  produced  in  France  of  a quality  not  inferior  to  that  of  Spain,  by  fold- 
ing the  iheep  through  the  whole  year,  and  choofing  the  rams  with  care.  Sim- 
ple infpedion  may  eaiily  lead  to  error  refpeding  the  finenefs  of  wool,  which 
it  is  important  the  manufadurer  fhould  know  with  accuracy  -y  he  has  pro- 
pofed  a method  of  attaining  that  accuracy,  by  employing  a micrometer  for  com- 

* De  Luyarts  on  Wolfram,  p.  58.  Gmelin  ha?  alio  made  a variety  of  experiments  on  this  metallic 
fubftance.  See  Crell’s  Journal,  Englifh,  iii.  The  papers -are  too  long  to  be  inferced  here,  and  the 
facts  too  inhibited  to  admit  of  abridgment.^  f Beitholl&t  on  Dyeing,  i.  123. 
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paring,  by  means  of  a microfcope,  the  finenefs  of  the  wool  to  be  examined  with 
that  of  other  wools  cbofen  as  ftandards*. 

Though  the  long  wool  is  not  fo  fine  as  the  Spanifh,  and  cannot  be  employed 
for  fine  cloths,  it  is  ftill  very  ufeful  for  a variety  of  fabrics ; and  as  the  flieep 
which  produce  it  have  much  larger  fleeces,  the  profit  they  bring  is  not  inferior 
to  that  of  the  fine  woolled  (beep  ; befides,  the  cloths  made  of  their  wool,  being 
cheaper,  have  a much  more  extenfive  fale.  The  prosperous  (late  of  the  woollen 
manufactures  of  England  is  partly  owing  to  our  abundance  of  this  wool.  But 
the  breed  of  flieep  which  produces  one  or  the  other  kind  of  wool,  is  con- 
neded  with  the  nature  of  their  pafture,  which  ought  to  determine  us  in  the  choice, 
of  them. 

Wool  is  naturally  covered  with  a kind  of  greafe,  which  preferves  it  from 
moths.  Reaumur  -f-  has  obferved,  that  a fluff  may  bepreferved  from  thefe  in- 
fers, by  rubbing  it  with  greafy  wool.  Hence  wool  is  not  fcoured  till  it  is  about 
to  be  dryed  or  fpun. 

In  order  to  fcour  wool,  it  is  put  for  about  a quarter  of  an  hour  into  a kettle, 
containing  a fufficient  quantity  of  water,  mixed  with  a fourth  of  putrid  urine, 
heated  to  fuch  a degree  as  the  hand  can  juft  bear,  and  it  is  ftirred  from  time  to 
time  with  flicks ; it  is  then  taken  out  and  put  to  drain  : it  is  next  carried  in  a 
large  baflcet  to  a ftream  of  running  water,  where  it  is  moved  about  till  the  greafe 
is  entirely  feparated,  and  no  longer  renders  the  water  turbid  ; it  is  then  taken  out 
and  left  to  drain.  It  fometimes  lofes  in  this  operation  more  than  a fifth  of  its 
weight.  The  fcouring  fliould  be  carefully  performed,  becaufe  the  wool  is 
thereby  better  fitted  to  receive  the  dye. 

The  ammoniac  or  volatile  alkali,  formed  in  putrid  urine, unites  with  the  greafe., 
producing  a kind  of  foap  which  is  foluble  in  water. 

The  wool  is  dyed  in  the  fleece,  or  before  it  is  fpun,  chiefly  when  it  is  intended 
to  form  cloths  of  mixed  colours  ; or  elfe  it  is  dyed  after  being  fpun,  and  it  is  > 
then  intended  principally  for  tapeftry  ; but  it  is  moft  commonly  dyed  after  having 
been  wrought  into  cloth. 

When  wool  is  dyed  in  the  fleece,  its  filaments  being  feparate  abforb  a larger; 
quantity  of  the  colouring  particles  than  when  it  is  fpun  ; for  the  fame  reafon 
woollen  yarn  takes  up  more  than  cloth;  but  cloths  themfelves  vary  confiderably 
in  this  refped,  according  to  their  degree  of  finenefs,  or  the  clofenefs  of  their 
texture  : befides,  the  variety  in  their  dimenfions,  the  different  qualities  of  the 
ingredients  employed  in  dyeing,  and  a difference  of  circumftaoces  in  the  procefs,. 
prevent  us  from  relying  upon  the  precife  quantities  we  find  recommended  for  the 
proceffes  defcribed.  This  confideration  ought  to  extend  to  all  dyes. 

For  moft  colours,  wool  requires  to  be  prepared;  by.  a bath,  in  which  it  is  boiled 
with  faline  fubftances,  principally  with  alum  and  tartar  : but  there  are  fome  dyes 
for  which  the  wool  does  not  require  fuch  a preparation  ; then*  it  muft  be  well 
wafhed  in  warm  water,  and  wrung  out  or  left  to  drain.  This  is  a general  rule 
which  (hould  be  obferved  with  refped  to  ah  the  fubftances  intended  to  be  dyed, 
in  order  that  the  colour  may  penetrate  them  more  eafily,  and  be  diftributed  more 
uniformly. 

Mr.  Monge  has  explained  the  operation  of  felting  (feutrage)  and  the  effeds 
of  fulling,  by  the  external  conformation  of  the  wool  and  hair  of  animals.  He  1ms- 

* Mem.  de  PAcad.  1779.  Inftru&ions  to  (hepherds  and  proprietors  of  flocks. 

•fc  Mem.  de  PAcad..  17,28.- 
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made  fome  curious  obfervations  * on  this  fubject,  of  which  the  following  are  the 
chief : 

Nothing  particular  can  be  difcovered  by  means  of  the  microfcope  in  the  fila- 
ments of  wool  or  in  the  hairs  of  animals  ; yet  the  furfaces  of  thefe  bodies  are  not 
fmooth  : they  muft  be  formed  either  of  fmall  lamina  placed  over  each  other  in 
a fianting  direction  from  the  root  towards  the  point,  like  the  fcales  of  fifh, 
which  cover  each  other  from  the  head  of  the  animal  to  the  tail,  or  more  pro- 
bably, perhaps,  of  zones  placed  one  upon  another  as  we  fee  in  the  horns  of 
animals. 

If  a hair  be  laid  hold  of  by  the  root  in  one  hand,  and  drawn  between  the  fin- 
gers of  the  other,  from  the  root  towards  the  point,  fcarce  any  fridtion  or  re- 
finance is  perceived,  and  no  noife  is  heard  ; but  if,  grafping  it  by  the  point,  it 
is  pafled  in  the  fame  manner  between  the  fingers  of  the  other  hand,  from  the 
point  towards  the  root,  a refiftancc  is  felt,  which  did  not  take  place  in  the 
former  place,  and  a tremulous  motion  is  perceptible  to  the  touch,  and  a noife 
fenfible  to  the  ear. 

We  perceive  then,  that  the  texture  of  the  furface  of  hair  is  not  the  fame  from 
the  root  towards  the  point,  as  it  is  from  the  point  towards  the  root,  and  that  a 
hair  when  prefled  muft  meet  with  greater  refiftance  in  Aiding  or  moving  towards 
the  point  than  towards  the  root ; but  as  it  is  this  texture  itfelf  which  forms  the 
principal  fubjedt  of  Mr.  Monge’s  memoir,  it  is  neceflary  to  confirm  it  by  fome 
further  obfervations. 

If,  after  having  laid  hold  of  a hair  between  the  thumb  and  fore-finger,  we  rub 
them  againft  each  other  in  the  longitudinal  diredtion  of  the  hair,  it  acquires  a 
progreflive  motion  in  that  diredtion-  towards  the  root.  This  effedt  depends  nei- 
ther on  the  nature  of  the  fkin  of  the  finger,  nor  on  its  texture  ; for  if  the  hair 
be  turned,  fo  that  the  point  (hall  be  placed  where  the  root  was  before,  its  motion 
will  now  be  in  an  oppofite  diredtion,  that  is,  it  will  (till  be  towards  the  root. 

Thefe  obfervations,  to  which  Mr.  Monge  adds  fome  others,  are  related  of 
human  hair,  taken  as  an  example  ; but  they  are  equally  applicable  to  the  filaments 
of  wool,  to  horfe-hair,  and  to  that  of  animals  in  general.  The  furface  of  all 
thefe  bodies  then  is  formed  of  rigid  lamina;,  laid  upon  each  other  like  tiles,  from 
the  root  to  the  point,  which  allow  a progreflive  motion  towards  the  root,  but  op- 
pofe  one  towards  the  point. 

This  ftrudture  is  the  principal  caufe  of  the  difpofition  to  felting  (feutrage) 
which  the  hair  of  animals  generally  poflefles  t the  hatter,  by  ftriking  the  flocculi 
of  wool  with  the  firing  of  his  bow  (archet),  detaches  and  difperles  in  the  air 
each  of  the  filaments  feparately ; thefe  fall  back  one  upon  another  in  all  direc- 
tions on  the  table,  where  they  form  a layer  of  a certain  thicknefs ; the  workman 
then  covers  them  with  a cloth  (I  fuppofe linen),  upon  which  heprefles  on  all  parts 
with  his  hands  extended. 

The  preflure  brings  the  filaments  of  wool  nearer  to  each  other,  and  multiplies 
the  points  of  contadl ; the  agitation  gives  each  of  them  a progreflive  motion 
towards  its  root,  by  means  of  which  they  entangle  each  other  ; and  the  laminae 
of  each  filament  taking  hold  of  thofe  of  the  other  filaments  which  are  in  an 
oppofite  diredtion,  the  whole  is  retained  in  the  flare  of  clofe  contexture,  which 
it  had  acquired  by  the  preflure. 

In  proportion  as  the  texture, becomes  clofer,  the  preflure  of_the  hands  ought 

* Obfervations  fur  la  Mechanifme  du  Feutrage,  Ann,  de  Chym,  tom.  vi. 
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to  be  increafed,  both  in  order  to  make  it  ftill  more  compaft,  and  to  keep  up  the 
progreffive  motion  and  intermixture  of  the  filaments,  which  now  meet  with 
greater  refiftance  : but  during  the  whole  of  this  operation,  the  filaments  of  wool 
lay  hold  of  each  other  only,  and  not  of  the  cloth,  the  fibres  of  which,  as  has  been 
already  obferved,  are  fmooth,  and  have  not  the  fame  properties  in  this  refped. 

The  aptitude  for  felting  in  wool  and  hair  does  not  depend  entirely  on  the 
ft ru ft nre  of  their  furface;  it  is  not  enough  that  each  filament  fhould  have  a pro- 
greffive motion  towards  its  root ; nor  that  the  inclined  laminre,  by  laying  hold  of 
each  other,  fhould  retain  the  contexture  in  the  ftate  to  which  it  has  been  reduced 
by  compreffion  : it  is  alfo  neceffary  that  the  filaments  fhould  not  be  ftraight  like 
needles ; for,  by  a continuance  of  the  motion  and  preffure,  each  of  them  would 
continue  its  courfe  progreffiyely,  without  changing  its  direction,  and  the  effeft 
of  the  operation  would  be  to  remove  them  all  from  the  centre,  without  produ- 
cing any  contexture.  It  is  therefore  neceffary  that  each  filament  fhould  be 
crooked,  fo  that  the  extremity  neareft  the  root  fhould  be  difpofed  to  change  its 
direction  continually,  to  entwine  itfelf  round  frefh  filaments,  and  to  return  back 
upon  itfelf,  if  it  fhould  be  fo  determined  by  any  change  in  the  pofition  of  the 
reft  of  its  length. 

Wool  pofleffing  this  ftrufture  naturally,  is  peculiarly  fitted  for  this  kind  of 
work,  and  may  be  employed  in  it,  without  being  fubjefted  to  any  previous  pre- 
paration ; but  the  furs  of  rabbits,  hares,  and  beaver  are  naturally  ftraight,  and 
cannot  be  employed  alone  for  felting,  without  having  undergone  a previous  ope- 
ration, which  confifts  in  rubbing  them,  before  they  are  ftripped,  with  a brufh 
moiftened  with  a folution  of  mercury  in  nitrous  acid  ; this  liquor,  by  afting 
only  on  one  fide  of  the  hairs,  changes  their  reftilinear  direftion,  and  cotnmuni- 
cates  to  them  that  difpofition  for  felting  which  wool  naturally  poffeffes. 

The  operation  of  fulling  woollen  fluffs  depends  on  the  fame  property  as  felting. 

The  afperity  of  the  furface  of  the  filaments  of  wool,  and  their  difpofition  to 
acquire  a progreffive  motion  towards  the  root,  form  an  obftacle  to  the  fpinning 
of  wool,  and  the  working  it  into  fluffs.  All  the  filaments  muft  therefore  be 
covered  with  a coat  of  oil,  which  by  filling  the  cavities  renders  the  afperities  lefs 
fenfible,  juft  as  a coat  of  oil  renders  a fine  file  ftill  fmoother.  When  the  piece  of 
fluff  is  wrought,  it  muft  be  freed  from  that  oil,  which  gives  it  a difagreeable 
fmell,  renders  it  dirty,  and  would  prevent  it  from  taking  the  colour  we  wilh  to 
dye  it : for  this  purpofe,  it  is  taken  to  the  fulling-mill,  where  it  is  beaten  with 
large  beetles,  in  a trough  of  water,  through  which  fome  clay  has  been  diffufed. 
The  clay  uniting  with  the  oil,  renders  it  foluble  in  the  water,  and  both  are  car- 
ried off  together,  by  frefh  water  brought  thither  by  the  machine  ; and  after  fome 
time,  the  fluff  is  found  clean  fcoured.  See  Earth,  Fuller’s. 

But  fcouring  is  not  the  only  objeft:  in  fulling  ; the  alternate  preffure  of  the 
beetles  on  the  fluff,  particularly  when  the  fcouring  is  advanced,  produces  an 
effeft  analogous  to  that  of  the  preffure  of  the  hatter’s  hands ; the  filaments  of 
wool,  which  compofe  a thread  of  the  warp  or  of  the  woof,  acquire  a progreffive 
motion,  infinuate  themfelves  into  the  adjoining  threads,  then  into  thofe  which  are 
next,  and  prelently  all  the  threads,  both  of  the  warp  and  woof,  are  felted  toge- 
ther. The  fluff  is  now  found  contracted  in  length  and  breadth,  and  participates 
both  of  the  nature  of  cloth  and  of  felt ; it  may  be  cut  without  being  fubjeft:  to 
ravel,  and  there  is  no  neceffity  for  hemming  the  different  pieces  of  it  employed  to 
make  a garment.  If  it  be  common  woollen  Hocking  web,  the  flitches  are  now  no 
longer  fubjeft;  to  run,  when  one  of  them  happens  to  flip  ; finally,  the  threads  of 
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the  warp  and  the  woof,  are  now  no  longer  fo  well  defined,  nor  fo  diftincffc 
from  each  other,  and  the  fluff  being  alfo  thickened  forms  a warmer  clothing. 

Berthollet  obtained  a large  proportion  of  acid  of  fugar  by  abftradlion  of  nitrous 
acid  from  wool. 

WORMS.  See  Earth  Worms. 

WORMWOOD.  This  vegetable  affords  a large  quantity  of  vegetable 
alkali  by  incineration,  which  is  the  fait  of  wormwood  of  the  fhops.  It  does  not 
differ  from  other  alkalis  when  purified.  The  leaves  of  wormwood  are  intenfely 
bitter,  and  have  a ftrong  and  fomewhat  aromatic  fmell.  They  yield,  according 
to  Neumann,  a confiderable  quantity  of  effential  oil,  poffeffing  their  whole 
fmell,  the  bitter  matter  remaining  in  the  extract. 


Y 
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YEAST.  The  ufe  of  yeafl  in  promoting  the  vinous  fermentation  appears 
to  be  in  fome  refpedt  that  of  rendering  the  procefs  more  uniform  through 
a confiderable  mafs.  But  the  chief  efficacy  of  its  aftion  does  not  feem  to  be  well 
underflood.  Bodies  remain  unchanged  fo  long  as  the  ele&ive  attractions  are 
fatisfied  or  in  equilibrio.  Chemical  operations  are  effected  in  no  other  way  than  by 
difturbing  this  ftate  of  repofe,  which  may  be  done,  either  by  mere  change  of  tem- 
perature, or  by  the  addition  of  fome  other  principle.  Thus  an  ignited  coal  may  be 
confidered  as  the  ferment  by  which  a large  quantity  of  combuflible  matter  may 
be  made  fpeedily  to  change  its  ftate  of  combination  throughout.  And  fo  like- 
wife  it  may  be  conceived,  at  leaft  hypothetically,  that  the  addition  of  a body 
confiderably  changed  by  the  fermentative  procefs  may  haflen  the  commence- 
ment of  a fimilar  change  in  a larger  mafs.  See  Fermentation. 


z 
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ZAFFRE,  or  SAFFRE,  is  the  refiduum  of  cobalt,  after  the  fulphur,  arfe- 
nic,  and  other  volatile  matters  of  this  mineral  have  been  expelled  by  calci- 
nation. It  is  therefore  a calx  of  cobalt,  of  a gray  or  reddifh  colour.  The  ufe 
of  cobalt  is  to  produce  a very  fine  blue  colour,  when  it  is  melted  with  fufible 
and  vitrifiable  matters. 
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The  calx  of  cobalt  is  the  foie  caufe  of  the  blue  colour  produced  by  zaffre. 
But  as  the  quantity  of  regulus  contained  in  cobalt  is  variable,  fome  zaffres  fur- 
nifti  more  blue  than  others.  The  heterogeneous  fixed  matters  contained  in 
cobalts  contribute  likewife  according  to  their  quantity  to  the  greater  or  lefs  in- 
tenlity  of  the  blue  colour.  For  this  reafon  the  manufadturers  of  zaffre  from  cobalt 
make  frequent  effays  of  the  roafted  ore,  by  mixing  it  with  vitreous  matters,  to  dif- 
coverthe  intenfity  and  beauty  of  the  blue  colour. 

Good  cobalt  calcined  would  form  too  deep  a blue,  and  almofl  a black  glafs, 
if  it  were  not  previoufly  mixed  with  a certain  quantity  of  vitreous  fritt.  In 
the  manufacture  of  zaffre,  therefore,  the  calx  of  cobalt,  the  ftrength  of  which 
has  been  previoufly  determined  by  effays,  is  mixed  with  fuch  a quantity  of  fand, 
or  of  powdered  flints  and  quartz,  that  with  the  addition  of  fome  faline  flux  a 
deep  blue  glafs  may  be  formed. 

The  zaffre  that  is  commonly  fold,  and  which  comes  from  Saxony,  is  a mix- 
ture of  calx  of  cobalt  with  fome  verifiable  earth.  It  is  of  a gray  colour,  as  all 
the  calces  of  cobalt  are  before  vitrification.  Some  zaffres  are  dearer  than  others, 
according  to  the  intenfity  of  the  colour  which  they  are  capable  of  producing. 
Zaffre  is  employed  in  the  manufacture  of  pottery  and  of  porcelain,  for  painting 
the  furface  of  the  pieces  of  ware,  upon  which  it  is  applied  together  with  fome 
faline  flux,  previoufly  to  the  baking  or  glazing,  that  the  fame  fire  may  alfo 
vitrify  this  colouring  material. 

The  blue  of  zaffre  is  the  moft  folid  and  fixed  of  all  the  colours  that  can  be 
employed  in  vitrification.  It  fuffers  no  change  from  the  moft  violent  fire!  It 
is  fuccefsfully  employed  to  give  fhades  of  blue  to  enamels,  and  to  the.  cryftal 
glaffes  made  in  imitation  of  fome  opake  and  tranfparent  precious  ftones,  as  the 
lapis  lazuli,  the  turquois,  the  fapphire,  and  others  of  this  kind.  See  Azure  j 
Cobalt;  Ink,  Sympathetic  ; and  Smalt. 

ZEOLITE.  This  ftone  was  unknown  to  mineralogifts  before  the  celebrated 
Cronftedt  gave  a defcription  of  it. 

It  is  ufually  of  a femi-tranfparent  white ; but  this  colour  is  fometimes  altered 
by  metallic  mixtures,  and  then  it  affumes  all  kinds  of  tinges. 

The  name  of  zeolite  has  been  given  to  it  on  account  of  its  property  of  form- 
ing a jelly  with  acids.  This  property  has  even  been  confidered  as  exclufive 
and  charadteriftic.  But  Mr.  Swab  has  very  juftly  obferved,  in  the  year  1758, 
that  all  zeolites  do  not  poflefs  this  property  ; and  Mr.  Pelletier  has  proved,  in 
the  xxth  volume  of  the  Journal  de  Phyfique,  that  this  property  is  not  even  pe- 
culiar to  zeolites. 

The  exiftence  of  zeolites  in  certain  lavas  has  induced  fome  naturalifts  to  confi- 
der  them  as  produced  by  the  decompofition  of  volcanic  earths. 

The  moft  beautiful  zeolites  come  to  us  from  the  iflands  of  Ferroe  near  Ice- 
land. The  form  of  this  ftone  is  conftant.  The  radii  which  compofe  it  diverge 
‘as  it  were  from  a central  point,  and  are  difpofed  after  the  manner  of  a fan.  The 
radii  which  terminate  at  the  external  furface,  are  found  to  exhibit  a trihedral  or 
tetrahedral  pyramid . 

The  white  zeolite  affedts  two  principal  forms,  the  cubic  and  the  tetrahe- 
dral prifm,  fometimes  flattened  and  terminated  by  an  obtufe  tetrahedral  py- 
ramid. 

Its  fpecific  gravity  is  from  2.1  to  3.75. 

The  zeolite,  expofed  to  a ftrong  heat,'  dilates,  and  fwells  more  or  lefs,  ac- 

6 U cording 


Z I N 


( 1066  ) 


Z I N 


cording  to  the  proportion  of  water  it  contains,  and  at  length  melts  into  a po* 
ious  fcoria.  Soda  fufes  it  with  effervefcence ; the  borate  of  foda  difl'olves 
it  more  difficultly;  and  the  phofphates  of  urine  have  fcarcely  any  adtion 
upon  it. 

Bergman  obtained  from  one  hundred  parts  of  the  red  zeolite  of  Adelfort,  83 
filex,  9.5  clay,.  6.5  pure  lime,  and  4 water. — Letters  on  Iceland,  p.  370. 

The  white  zeolite  of  Ferroe  contains,  according  to  Pelletier,  50  filex,  20 
clay,  8 lime,  and  22  water. — Journal  de  Phyfique,  tom.  xx. 

Meyer  obtained  from  a radiated  zeolite  58.33  filex,  17.3  clay,  6.66  lime, 
17.5  water. 

Kirwan  obferves,  that  the  cryftallized  fpecies  contain  more  water  than  the 
others. 

ZINC  is  a femi-metal,  of  a blueilh  white  colour,  fomewhat  brighter  than 
lead  ; of  confiderable  hardnefs,  and  fo  malleable,  as  not  to  be  broken  with  the 
hammer,  though  it,  cannot  be  much  extended  in  this  way.  It  is  very  eafily  ex- 
tended by  the  rollers  of  the  flatting  mill.  When  broken  by  bending,  its  tex- 
ture appears  as  if  compofed  of  cubical  grains.  On  account  of  its  imperfect  mal- 
leability, it  is  difficult  to  reduce  it  into  fmali  parts  by  filing  or  hammering;  but 
it  may  be  granulated,  like  the  malleable  metals,  by  pouring  it  when  fufed, 
into  cold  water;  or,  if  it  be  heated  nearly  to  melting,  it  is  then  Efficiently 
brittle  to  be  pulverized.  It  melts  long  before  ignition,  at  about  the  700th  de- 
gree of  Fahrenheit’s  thermometer;  and,  foon  after  it  becomes  red-hot,  it  burns 
with  a dazzling  white  flame,  of  a blueilh  or  yellowifh  tinge,  and  is  calcined, 
with  fuch  rapidity,  that  it  flies  up  in  the  form  of  white  flowers,  called  the 
flowers  of  zinc,  or  philofophical  wool.  Thele  are  generated  fo  plentifully, 
that  the  accefs  of  air  is  foon  intercepted  ; and  the  combuftion  ceafes,  unlefs 
the  matter  be  ftirred,  and  a confiderable  heat  kept  up.  The  white  calx  of 
zinc  is  not  volatile,  -but  is  driven  up  merely  by  the  force  of  the  combuftion. 
When  it  is  again  urged  by  a ftrong  heat,  it  becomes  converted  into  a clear 
yellow  glafs.  If  zinc  be  heated  in  clofed  veflels,  it  riles  without  decompofition. 
Zinc  appears  to  be  the  moll  volatile  of  metallic  fubftances  except  the  regulus  of 
arfenic. 

The  diluted  vitriolic  acid  difl’olves  zinc  : at  the  fame  time  that  the  tempera- 
ture of  the  folvent  is  increafed,  and  much  inflammable  air  efcapes,  an  undif- 
folved  refidue  is  left,  which  confifts  of  plumbago.  The  theories  of  this  folu- 
tion,  and  the  difengagement  of  inflammable  air,  are  perfectly  ifimilar  to  thofe 
which  have  been  before  explained  in  the  article  Iron.  As  the  combination  of 
the  vitriolic  acid  and  the  calx  proceeds,  the  temperature  diminilhes,  and  the 
vitriol  of  zinc,  which  is  more  foluble  in  hot  than  cold  water,  begins  to  fepa- 
rate,  and  difturb  the  tranfparence  of  the  fluid.  If  more  water  be  added,  the 
fait  may  be  obtained  in  fine  prifmatic  four-fided  cryftals.  The  white  vitriol, 
or  copperas,  ufually  fold,  is  cryftallized  haftily,  in  the  fame  manner  as  loaf- 
fugar,  which  on  that  account  it  relembles  in  appearance  : it  is  fligbtly  efflo- 
refcent.  The  white  calx  of  zinc  is  foluble  in  the  vitriolic  acid,  and  forms  the 
fame  fait  as  is  afforded  by  zinc  itfelf. 

Diluted  nitrous  acid  combines  rapidly  with  zinc,  and  produces  much  heat,  at 
the  fame  time  that  a large  quantity  of  nitrous  air  flies  off.  The  folution  is 
very  cauftic,  and  affords  cryftals  by  evaporation  and  cooling,  which  flightly  de- 
tonate upon  hot  coals,  and  leave  a calx  behind.  This  fait  is  deliquefcent. 
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Marine  acid  ads  very  ftrongly  upon  zinc,  and  difengages  much  inflammable 
air  ; the  folution,  when  evaporated,  does  not  afford  cryftals. 

Water  impregnated  with  fixed  air  diflolves  a confiderable  proportion  of  zinc. 
The  other  acids  have  not  been  tried. 

Zinc  is  precipitated  from  acids  by  the  foluble  earths  and  the  alkalis  : the 
latter  re  diflolve  the  precipitate,  if  they  be  added  in  excefs. 

Zinc  decompofes,  or  alters,  the  vitriolic  neutral  falts  in  the  dry  way.  When 
fufed  with  vitriolated  tartar,  it  converts  that  fait  into  liver  of  fulphur;  the  zinc 
at  the  fame  time  being  calcined,  and  partly  diffolved  in  the  hepar.  In  this 
operation,  the  vital  air  of  the  acid  combines  with  the  zinc,  and  calcines  it  ; at 
the  fame  time  that,  according  to  the  ancient  theory,  the  phlogifton  of  the  me- 
tal combines  with  the  acid  bafe,  and  converts  it  into  fulphur.  In  the  new 
theory,  the  tranfition  of  phlogifton  is  confidered  as  hypothetical  and  unneceffary: 
becaufe  the  metal  and  the  fulphur  being  taken  to  be  fimple  fubftances,  the  vi- 
triolic acid  becomes  fulphur,  merely  by  the  Iofs  of  its  vital  air;  and  the  zinc 
becomes  calcined,  merely  by  the  acquifition  of  the  fame  fubftance. 

When  pulverized  zinc  is  added  to  fufed  nitre,  or  projected  together  with 
that  fait  into  a red  hot  crucible,  a very  violent  detonation  takes  place;  info- 
much  that  it  is  neceffary  for  the  operator  to  be  careful  in  ufing  only  fmall  quan- 
tities, left  the  burning  matter  fhould  be  thrown  about.  The  zinc  is  calcined  ; 
and  part  of  the  calx  combines  with  the  alkali j with  which  it  forms  a compound 
foluble  in  water. 

Zinc  decompofes  common  fait,  and  alfo  fal  ammoniac,  by  combining  with 
the  marine  acid.  The  filings  of  zinc  likewife  decompofe  alum,  when  boiled 
in  a folution  of  that  fait,  probably  by  combining  with  its  excefs  of  acid. 

Sulphur,  though  its  a&ion  is  almoft  general  on  metallic  fubftances,  does  not 
combine  with  zinc.  This  property  affords-  a ready  means  of  purifying  the 
femi-metal,  by  projecting  fulphur  upon  it,  when  melted  in  a (hallow  crucible. 
It  has-  been  a fubjeCt  of  remark  among  chemifts,  that  many  of  the  zinc  ores 
confift  of  this  femi-metal  combined  with  fulphur,  though  art  has  not -yet  dis- 
covered the  means  of  effecting  the  fame  combination.  But  the  difficulty  is  re- 
moved by  the  confideration,  that  the  fulphur  does  not  unite  with  zinc  itfelf, 
yet  it  readily  does  with  its  calx,  and  forms  a compound  fimilar  to  the  zinc  ores;, 
called  blendes  ; in  which,  for  that  reafon,  the  zinc  may  be  prefumed  to  exift  in 
the  calciform  ftate. 

Liver  of  fulphur  does  not  combine  with  zinc,  either  in  the  humid  or  dry 
way. 

Moftof  the  metallic  combinations- of  zinc  have  been  already  treated  of.  It 
forms  a brittle  compound  with  antimony;  and  its  effeCls  on  manganefe,  wol- 
fram, and  molybdena,  have  not  yet  been  afcertained. 

Native  zinc  has  been  very  feldom  found.  The  calciform  ores  of'  zinc  are 
the  zinc  fpar,  of  a whitifh  gray  colour,  refembling  a lead  fpar  ; and  the  impure 
calx  called  calamine,  which  is  of  a white,  gray,  yellow,  brown,  or  red  colour, 
containing  iron,  clay,  calcareous  and  other  earths,  and  lead.  The  ore  called 
blende,  mock- lead,  or  black-jack,  confifts  of  zinc  mineralized  with  fulphur 
and  iron  : of  this  there  are  feveral  varieties.  They  ^re  in  general  of  a plated 
texture,  and  frequently  of  a quadrangular  form,  like  galena,  or  potters’  lead  ore, 
though  they  are  confide'rably  lefs  heavy.  Thefe  ores  are.  found  in  various 
parts  of  Europe,  and  in  confiderable  plenty  in  the  mine  counties  of  Eng- 
land. See  Ores. 
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Native  zinc  may  be  allayed,  in  the  humid  way,  by  the  mineral  acids.  When 
it  is  diffolved  in  thefe,  if  there  be  any  other  metal  prefent,  it  may  be  precipi- 
tated by  the  addition  of  a known  quantity  of  zinc.  The  weight  of  calx  of  zinc 
precipitated  by  mild  alkali  from  its  vitriolic  foludon,  will  amount  to  193  grains 
tor  every  100  of  the  metal  it  reprefents.  The  fulphureous  zinc  ores  mud -be 
carefully  treated  with  nitrous  acid ; which  will  diffolve  the  zinc,  and  leave  the 
lulphur.  Extraneous  metals  may  be  precipitated,  and  the  quantity  of  zinc  af- 
certained,  as  before. 

The  eftay  of  calamines  is  fometimes  made  by  pounding  and  mixing  them 
with  charcoal,  and  then  heating  them  in  a crucible  covered  with  a copper 
plate.  The  reduced  zinc  rifes,  and  converts  the  copper  into  brafs ; and  in 
this  way  fome  judgment  may  be  formed  of  its  value  in  the  operation  of  brafs- 
making.  Mod  of  the  zinc,  whether  in  the  metallic  flate  or  in  the  form  of  an 
impure  calx,  called  cadmia  fornacum,  is  obtained  in  the  roading  of  various 
kinds  of  ores  at  Ramelfberg.  For  this  purpole  the  interior  part  of  the  fur- . 
nace  is  kept  cold  by  wetting  it : by  which  means  the  volatilized  zinc  is  con- 
denfed,  and  falls  into  a cavity,  containing  charcoal  dud,  which  defends  it  from 
calcination. 

The  procefs  for  obtaining  zinc  from  its  ores  by  didillation,  which  is  prac- 
tifed  in  England,  and  faid  to  have  originally  been  derived  from  the  Chinefe, 
is  performed  in  a furnace  in  the  form  of  a circular  oven  ; in  which  are  placed 
fix  pots,  each  about  four  feet  in  height,  and  of  a conical  fhape,  refembling  an 
oil  jar.  Into  the  bottom  of  each  pot  an  iron  tube  is  inferted,  which  pafles 
through  the  door  of  the  furnace  into  a vefiel  of  water.  Thefe  pots  are  filled 
with  a mixture  of  calamine  and  charcoal ; and  their  mouths  are  then  clofe  ftop- 
ped  with  clay.  The  fire  being  then  properly  applied,  the  metallic  vapour  of 
the  calamine  ififues  through  the  iron  tube,  which  is  the  only  place  where  it  can 
efcape.  In  this  way  it  is  condenfed  into  fmall  particles  in  the  water;  which 
are  afterwards  melted  into  ingots  for  fale,  under  the  name  of  fpelter.  The 
fubdance  fold  in  London  by  the  name  of  fpelter,  is  a kind  of  foft  brafs,  in 
a granulated  form,  which  is  ufed  by  the  braziers  and  others  for  foldering. 

The  chief  purpofe  to  which  zinc  is  applied  confids  in  the  fabrication  of 
brafs  and  other  gold-coloured  mixtures.  Its  calces  and  falts  have  been  oc- 
eafionally  employed  in  medicine. 

Dr.  George  Fordyce  made  an  experiment  by  diffolving  zinc  in  the  vitriolic 
acid,  and  precipitating  it  by  an  alkali.  The  objeft  was  to  afcertain  from  the 
weights  of  the  metal,  the  calx,  and  the  neutral  fait  produced,  whether  any  of 
the  acid  entered  into  the  compofition  of  the  calx,  or  of  the  inflammable  air. 
As  the  quantity  of  acid  was  found  to  be  undiminidied,  the  drift  confequence 
will  be,  that  the  additional  weight  of  the  calx  comes  from  the  water,  which  mud 
have  combined  either  in  whole  or  in  part  with  the  metal,  and  that  the  inflam- 
mable, air  which  efcapes  is  produced  either  by  the  water  or  the  metal.  But  as 
it  is  afcertained  from  other  experiments  that  the  calx  contains  vital  air,  this 
principle  fhould  appear  to  be  one  of  the  condituent  parts  of  the  water,  and 
confequently  the  inflammable  air  will  be  the  other.  As  this  experiment  ap- 
. pears  to  pofTefs  peculiar  accuracy,  and  is  of  great  importance  relative  to  the 
theory  of  pbiogidon,  and  the  compofiuon  of  water,  1 fhall  give  the  account 
nearly  in  the  Doftor’s  own  words  , 

* Philofopli.  Tranf.  for  1792,  p.  375. 
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He  took  a portion  of  zinc  and  diffolved  it  in  vitriolic  acid,  with  which  it 
made  a clear  folution  (without  any  of  that  black  matter  which  commonly  fe- 
parates  during  its  folution  when  we  employ  zjnc  imported  from  abroad).  After 
precipitating  it  by  an  alkali,  and  expofing  the  calx  to  the  air,  it  remained  of 
a pure  white;  fo  that  it  could  contain  no  iron.  This  zinc  was  reduced  to  its 
perfedt  metallic  form  by  breaking  it  into  fmall  particles,  and  melting  it  with 
black  flux,  taking  that  part  of  it  only  which  was  at  the  bottom  of  the  cru- 
cible. 

He  reduced  this  metal  to  a calx,  by  diffolving  it  in  vitriolic  acid  diluted  with 
water,  and  precipitated  it  by  kali  purum  diffolved  in  water. 

In  doing  this  the  acid  fhould  be  diluted  with  four  or  five  times  its  weight 
of  water,  and  the  zinc  fhould  be  diffolved  very  flowly,  avoiding  heat  as  much 
as  poffible  during  j;he  folution.  If  this  precaution  is  not  taken,  a quantity  of 
volatile  vitriolic  acid  will  be  produced,  and  fpoil  the  experiment. 

In  the  precipitation  .the  alkali  is  apt  to  re-diflolve  the  calx,  if  care  be  not 
taken  to  ufe  it  in  folution  in  water,  and  that  the  folution  is  diluted  with  a large 
quantity  of  water  : the  proportion  in  which  the  water  is  in  aqua  kali  puri  of  the 
London  Difpenfatory  is  a convenient  folution  of  the  alkali. 

Care  mult  likewife  be  taken,  in  the  precipitation,  that  the  folution  of  the 
kali  be  poured  into  the  folution  of  the  zincum  vitriolatum  in  water  by.  a little 
at  a time,  and  that  the  whole  be  perfectly  mixed  together  before  a frefh  quan- 
tity is  poured  in,  otherwife  part  of  the  calx  will  be  re-diffolved.  It  is  farther 
neceffary  that  the  exadt  quantity  of  kali  purum  be  ufed  : if  too  little  is  uled, 
the  whole  calx  will  not  be  feparated  ; if  too  much,  part  of  the  calx  will  be  re- 
diflolved.  It  is  alfo  neceffary  that  the  alkali  be  perfedtly  pure,  efpecially  free 
from  fixed  air,  as  that  would  be  transferred  to  the  calx  ; and  as  it  flies  off*  when 
the  kali  is  limply  united  with  vitriolic  acid,  the  accuracy  of  the  experiment 
would  be  thus  deftroyed. 

The  weight  of  the  calx,  by  which  it  exceeds  the  weight  of  the  metal,  fhews 
that  there  is  afubftance  added  to  the  whole  metal  ; or  that,  while  fome  fubftance 
is  driven  off*,  another  is  added  in  greater  quantity  ; ftnce  it  is  clear,  from  various 
experiments,  that  all  matter  gravitates,  and  that  all  the  fubftances  found  on  this 
earth,  which  have  been  tried,  gravitate  equally.  This  additional  matter  muff  be 
added  to  the  metal  either  from  the  acid,  the  alkali,  the  water  ufed  in  the  folu- 
tion, the  air  lying  on  the  furface  of  the  materials  during  the  time  of  the  operation, 
or  it  muff;  come  through  the  veflels  in  which  the  operation  is  performed.  To 
afcertain  this,  he  made  the  following  experiment. 

He  took  a large  quantity  of  vitriolic  acid,  purified  by  diftillation  (about  two 
pounds,  it  not  being  material  what  quantity  was  taken  exadtly)  ; he  diluted  it 
with  diftilled  water  about  four  or  five  times  its  weight  by  guefs  (the  exadt  propor- 
tion being  alfo  immaterial)  ; he  applied  to  1000  grains  of  this  diluted  acid  a fuf- 
ficient  quantity  for  faturation  of  aqua  kali  puri,  of  the  London  Difpenfatory,  ren- 
dered pure  from  fixed  air,  as  is  prefcribed  in  the  procefs  of  the  College ; he 
poured  in  the  aqua  kali  puri  to  the  diluted  acid,  by  a little  at  a time,  till  it  was 
nearly  faturated.  He  then  poured  in  fome  juice  of  violets,  which  gave  the  whole 
a red  colour.  He  continued  to  add  aqua  kali  puri,  by  a little  at  a time,  till  the 
red  colour  juft  difappeared.  He  added  the  aqua  kali  puri  to  the  acid,  rather 
than  the  acid  to  the  alkali,  becaufe  the  lofs  of  the  red  colour  at  the  point  of  fa- 
turation can  be  difcerned  much  better  than  the  lofs  of  the  yellow  colour,  which 
the  alkali  intermixes  with  the  natural  hue. 
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He  afcertained  the  weight  of  the  aqua  kali  puri,  by  weighing  the  bottle  con- 
taining it  before  any  was  poured  into  the  acid,  and  after  the  faturation  took  place  j 
the  deficiency  of  weight  afterwards  being  the  weight  of  the  aqua  kali  puri  ap- 
plied to  the  acid  for  the  faturation;  this  was  10147  grains.  Healfo  weighed  the 
veffel  with  the  acid  before  the  aqua  kali  puri  was  poured  in,  and  afterwards;  and 
found  the  increafe  of  weight  to  be  exadtly  the  fame  as  the  weight  of  the  aqua  kali 
puri  and  juice  of  violets,  fo  that  nothing  was  loft  during  the  operation. 

This  experiment  was  three  times  repeated,  taking  the  point  of  faturation  from 
the  eye.  The  quantities  of  aqua  kali  puri  employed  were  found  to  be  10147 
grains,  to  145  grains,  10 150' grains. 

He  took  101 48  grains,  being  the  mean  of  the  three  experiments,  and  applied  it 
to  1000  grains  of  the  fame  vitriolic  acid  ; evaporated  the  water  to  drynefs,  and 
heated  it  to  a red  heat,  to  drain  off  the  whole  of  the  water  ; and  found  97S  grains 
of  kali  vitriolatum  remaining.  By  this  means  he  afcertained  the  quantity  of  kali 
vitriolatum  produced  from  1000  grains  of  the  diluted  vitriolic  acid,,  when  faturated 
with  kali. 

He  took  t 000  grains  of  the  diluted  vitriolic  acid,  and  put  it  into  a veffel  con- 
fiding of  afpherical  bulb  of  glafs,  with  a neck  or  tube  which  communicated  with 
another  fpherical  bulb  on  the  oppofice  fide  of  which  was  alfo  a neck  or  tube. 
The  figure  of  this  double  bottle  or  veffel  will  be  more  readily  apprehended,  if,, 
with  the  exception  of  its  being  much  larger,  the  reader  imagine  a thermometer  to 
have  two  bulbs,  the  one  at  the  extremity  of  the  tube,  and  the  other  a little  higher 
up  ; the  portion  of  the  tube,  left  between  the  two  bulbs,  being  in  a line  with 
the  other  portion  of  the  tube,  which  conftitutes  the  real  neck  or  aperture  of  the 
whole  veffel.  The  vitriolic  acid  was  conveyed  by  means  of  a funnel  into  the 
lower  globular  part,  and  zinc  was  added  until  it  would  difl'olve  no  more.  Du- 
ring the  folution  the  inflammable  air  was  caught,  which  weighed  nine  grains,  and 
was  nearly  twelve  times  as  light  as  atmofpheric  air.  The  lower  bulb  was  fuffi* 
ciently  capacious  to  contain  the  whole  of  the  acid  and  zinc,  and  to  admit  of  the 
compound  bottle  being  laid  on  its  fide  without  the  fluid  running  from  the  one 
part  into  the  other.  Dr.  Fordyce  denominates  the  outer  globe  A,  the  inner 
globe  B,  the  tube  of  communication  between  them  C,  and  the  neck  or  tube  into 
which  the  materials  were  admitted  D. 

The  folution  was  terminated  in  five  days ; when  part  of  the  tube  D being 
broke  off,  it  was  left  to  ftand  for  four-and-twenty  hours,  to  allow  the  inflamma- 
ble air  remaining  in  the  veffel  to  fly  off,  and  give  place  to  the  air  of  the  at- 
mofphere ; which  happened  fpontaneoufly  from  the  different  fpecific  gravities 
of  the  two  vapours. 

The  veffel  containing  the  folution  of  the  zinc  was  now  laid  upon  its  fide,  and 
bo [48  grains  of  aqua  kali  puri  were  introduced  by  a crooked  funnel  into  the 
globe  B,  being  the  quantity  fuffkient  to  faturate  1000  grains  of  vitriolic  acid, 
as  before  determined.  Then  the  tube  D was  hermetically  fealed,  and  the  whole 
weighed.  The  veffel  was  then  raifed,  fo  that  the  globe  A was  undermoft  ; this 
was  done  very  gradually,  fo  that  the  aqua  kali  puri  was  gradually  added  to 
the  folution  of  the  zinc  ; when  a little  was  poured  in,  the  veffel  was  brought  into 
an  horizontal  pofition  again,  and  fhaken  a little  ; this  was  repeated  till  the 
whole  of  the  aqua  kali  puri  was  poured  in.  The  zinc  was  thus  precipitated  in 
the  form  of  a calx.  It  was  fuffered  to  ftand  for  forty-eight  hours  ; no  alteration 
of  the  weight  had  taken  place;  therefore  nothing  had  entered  through  the  glafs 
to  give  additional  weight  to  the  zinc  in  order  to  calcine  it. 
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The  next  ftep  was  to  open  the  tube,  which  was  done  under  water,  and  in 
an  atmofphere  of  the  fame  heat  in  which  it  was  fealed,  to  wit,  570  of  Fahren- 
heit’s thermometer.  The  air  was  neither  diminifhed  nor  incre'afed,  none  of  the 
water  being  driven  into  the  apparatus  by  the  weight  of  the  atmofphere,  and 
none  being  thrown  out.  On  heating  the  globe  B,  fo  as  to  drive  .out  fome  of 
the  air,  it  was  found  to  be  of  the  fame  purity  nearly  as  that  of  the  atmofphere, 
being  tried  by  the  application  of  nitrous  air  produced  from  folution  of  mer- 
cury. 

The  weight  therefore,  which  the  calx  had  gained,  arofe  neither  from  any 
fubftance  palling  through  the  glafs,  nor  from  the  fuperincumbent  air  during 
die  precipitation.  It  mull  therefore  be  either  from  the  acid,  the  alkali,  or 
the  water. 

To  determine  whether  the  acid  or  alkali  gave  the  weight  to  the  calx  of 
the  zinc,  he  wafhed  out  the  kali  vitriolatum,  formed  by  the  combination  of  the 
vitriolic  acid  and  the  kali,  with  pure  water  repeatedly  applied,  until  it  came 
away  as  pure,  as  when  applied  to  all  fenfible  trials.  The  quantity  of  water 
ufed  was  above  four  pounds.  He  evaporated  this  water  to  drynefs,  and  heated 
the  mafs  red  hot,  to  expel  the  whole  of  the  wafer  ; it  weighed  feven  grains 
more  than  the  vitriolated  tartar  procured  from  applying  the  acid  and  alkali  as 
above.  After  evaporating  the  water,  he  difiolved  the  mafs  again  in  40  ounces 
troy  weight  of  pure  water;  a yellowilh  powder  feparated.  The  folution  of  the 
vitriolated  tartar,  cleared  of  this  powder,  was  again  evaporated  to  drynefs,  and 
the  water  of  cryftallization  driven  off.  It  now  weighed  976-^-  grains,  which  is 
barely  two  grains  lefs  than  the  vitriolated  tartar  he  obtained  from  the  acid 
and  alkali  applied  fimply  together,  without  the  intervention  of  the  zinc. 

The  vitriolated  tartar  now  obtained  was  free  from  any  mixture.  The  addi- 
tional weight  of  the  calx  of  the  zinc  did  not  arife  therefore  from  either  the 
acid  or  the  alkali ; it  remains  therefore,  that  it  arofe  from  the  water. 

The  weight  of  the  calx  of  the  zinc  was  afcertained  by  drying  it  after  walhing 
out  the  vitriolated  tartar,  heating  it  to  a red  heat,  and  afterwards  weighing  it. 
The  weight  of  the  zinc  diflolved  in  faturating  the  acid  was  164  grains:  the 
weight  of  the  calx  220  grains.  The  additional  weight  was  therefore  56  grains. 

If  it  arofe  from  the  water,  then  a quantity  of  water,  equal  to  the  weight  by 
which  the  calx  exceeds  the  metal,  muft  be  loft  in  the  operation.  To  determine 
this,  he  performed  a diftillation  in  the  following  manner: 

He  put  1000  grains  of  the  fame  diluted  vitriolic  acid  into  the  globe  A of  the 
fame  apparatus,  then  introduced  the  quantity  of  aqua  kali  put  i found  neceffary 
to  faturate  it.  The  tube  D was  then  bent  downwards  about  the  middle,  and  the 
apparatus  brought  to  an  horizontal  pofition  ; fo  that  the  bent  part  of  the  tube 
was  in  a perpendicular  direction  downwards  : to  this  he  affixed  a fmall  phial, 
and  weighed  the  whole.  He  then  put  the  globe  B in  a box  filled  with  ice,  and 
applied  heat  to  the  globe  A,  fo  as  to  diftil  over  the  water  into  the  globe  B, 
the  liquor  never  being  brought  to  the  boiling  point.  When  the  matter  in  the 
globe  A became  dry,  the  heat  was  increafed  to  a red  one,  to  diftil  over  like- 
wife  the  water  of  cryftallization.  The  whole  apparatus  was  now  weighed,  and 
found  not  to  have  loft  a grain  ; nor  was  there  any  water  in  the  phial.  He  then 
cracked  the  tube  C,  by  applying  a red  hot  iron  to  it,  and  letting  a drop  of 
cold  water  fall  upon  it.  He  next  weighed  the  globe  B with  the  water  in  it, 
then  poured  out  the  water,  and  let  the  glafs  dry.  He  weighed  the  glafs ; the 
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deficient  weight  from  the  former  weighing,  being  the  weight  of  the  water,  was 
10098  grains. 

He  repeated  the  experiment  with  this  difference  : he  put  1000  grains  of  the 
fame  vitriolic  acid  into  the  globe  A,  then  introduced  the  quantity  of  zinc  fuf- 
ficient  to  faturate  it : he  took  the  weight  of  the  inflammable  air  as  before,  and 
found  it  nearly  the  fame  in  weight  and  quality.  The  fame  quantity  of  aqua 
kali  puri  was  then  introduced  through  a funnel  as  in  the  former  experiment, 
then  the  tube  was  bent  downwards,  and  a phial  applied  to  it  as  before.  The 
whole  apparatus  was  weighed  after  the  diftillation,  and  found  not  to  have  loft 
any  fenfible  quantity  of  weight,  nor  was  there  any  water  in  the  phial.  The 
phial  being  detached,  and  the  tube  broken  as  before,  the  globe  weighed  again 
when  dry,  the  deficiency  was  lefs  than  in  the  former  experiment  by  63  grains, 
which  is  two  grains  lefs  than  the  additional  weight  of~ the  calx  above  the  metal 
and  the  inflammable  air  taken  together ; and  therefore  Doctor  Fordyce  con- 
cludes that  matter  occafioning  the  additional  weight  of  the  calx  above  that  of 
the  metal  and  the  inflammable  air  are  both  produced  from  the  water. 


TABLE. 
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IN  the  following  tables  of  chemical  compounds,  the  reader  is  prefented  with  a 
view  of  as  much  as  could  be  colleded,  with  confiderable  induftry,  of  their 
ingredients  and  general  properties.  It  is  unneceffary  to  infill  on  the  extreme  utility 
which  might  refult  to  the  practical  as  well  as  philofophical  chemift,  if  thefe 
could  have  been  afcertained  to  the  utmoft  accuracy  of  weight,  meafure,  and 
purity.  Much  advantage  may  neverthelefs  be  derived  from  them  in  their  prefent 
im  per  fed  date,  which  is  capable  of  great  and  daily  improvement.  " Every  pradi- 
cal  chemift  may  benefit  both  himfelf  and  others,  by  carefully  tabulating  in  this 
manner  luch  refults  as  he  can  depend  on  ; for  much  of  experimental  labour  would 
be  fpared  to  every  adive  cultivator  of  this  fcience,  if  it  were  polfible,  for  the  mod 
part,  to  extrad  from  tables  fuch  documents  as  might  nearly  foretell  what  would 
happen  in  any  projeded  experiment.  Thefe  tables  will  point  out  to  the  ftudent 
what  departments  more  particularly  require  cultivation.  Theprefent  limits  necef- 
farily  excluded  an  infertion  of  the  authorities,  and  various  other  interefting  parti- 
culars ; which  are  indeed  the  lefs  neceflary,  becaufe  the  whole  demands  an  ardu- 
ous experimental  examination.  A philosopher,  in  the  fortunate  circumftances  to 
profecute  fo  arduous  an  undertaking;  in  poflefiion  of  all  the  materials  in  their 
utmoft  purity,  of  the  knowledge  to  perform  it  with  effed,  and  of  the  fpirited 
attachment  to  fcience  to  apply  his  time  to  this  purfuit,  would  do  infinitely  more 
fervice  to  fociety,  than  the  inventors  of  a multitude  of  theories. 

The  tables  require  no  other  explanation  than  that  the  fubftance  or  principle  in 
any  horizontal  compartment,  united  with  the  fubftance  or  principle  at  the  head 
of  any  column,  will  form  the  compound  defcribed  in  the  fquare,  common  to 
both. 
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Simple  Principles. 

Vital  air. 

Azotic  air. 

Inflammable  air. 

Balis  of  fixed  air. 

Sulphur. 

Vital  air. 

Specific  gravity  1,36. 

, 

Azotic  air. 

Specific  gravity  1,19. 

Atmof.  air  by  mixture. 
Nitrous  air  bycombin. 
Nitrous  acid. 

Aeriform. 

Aqueous  folution. 

Inflammable  air. 
Specific  gravity  0,09. 

Water  ? 

Sp.  gr.  icoo. 

Mixture. 

Volatile  alkali. 
Aeriform  fp.  gr.  0,73. 
Aqueous  fol. 
Spirituous  fol. 

Bafis  of  fixed  air. 
Pure  charcoal  ? 

Aerial  acid,  or  fixed  air. 
Aeriform  fp.  gr.  1,84. 
Aqueous  folution. 
Spirituous  folution. 

Qu. 

Heavy  inflam.  air. 
Ardent  Spirit  ? 

Sulphur. 

Vitriolic  air.  Sp.  gr.  1,88 
Aqueous  folution,  or 
fulph.  acid. 

Vitriolic  acid. 

Aqueous  cryftallized. 

Qu. 

Hepatic  air. 
Aeriform. 
Aqueous  fol. 
Spirituous  fol. 

Qu. 

Phofphorus. 

Phafpboreous  acid  ? 
Phofphoric  acid. 
Dry  or  glacial. 
Aqueous  folution. 
Spirituous  folution  ? 

Qu. 

fbojphoric  air  ? 

Qu. 

Inflammable  compound. 

Veg.  alkali. 

Solid. 

Aqueous  folution. 
Spirituous  folution. 

Qu. 

Qu. 

Qu. 

Qu. 

Hepar. 

Aqueous  folution. 

Min.  Alkali. 

Solid. 

Aqueous  folution. 
Spirituous  folution. 

Qu. 

Qu. 

Qu. 

Qu. 

Hepar. 

Aqueous  folution. 

The  earths. 
Solid. 

Qu. 

Qu. 

Qu. 

Qu. 

Hepars. 

Metals. 

. Solid  malleable. 

Calces. 

Qu. 

Qu, 

Plumbagos. 

Qu.  other  compounds. 

Ores. 

Bales  of  acids,  not  hi- 
therto exhibited  in  a 
feparate  ftate. 

Acids,  with  one  or  more 
bafes,  and  different 
proportions  of  vital 

Qu. 

Qu. 

Qu. 

Qu. 

l°7S 


have  not  been  hitherto  decompojed. 


Pholphorus. 

Veg.  alkali. 

Mineral  alkali. 

The  earths. 

Metals. 

- 

Hepar. 

Hepar. 

Mixture. 

Hepar. 

Aqueous  combination 
and  in  the  dry  way 
glafs.  m 

Aqueous  combination  and 
in  the  dry  way  glafs. 

1 dials. 

Ores. 

Ou.  direct. 

Indirect  combination  by 
precipitation. 

But  not  unlefs.  calcined ? 

Qu.  direct. 

Indirect  as  with  vegetable 
alkali. 

No  direCt  combination. 
Indirect  as  •with  -veer, 
all.  ? 

1^0. 

On- 

Qu. 

OH- 
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TABLE  II.  Compounds  conjijlmg  in  general  of 


l- 

Component  Parts. 

Vegft.  alkali. 
Deliquefcent. 
Aqueous  folution. 
Spirituous  folution. 

Mineral  alkali. 
Deliquefcent. 
Soluble  in  water. 
in  ar.  fp. 

Volatile  alkali. 
Aeriform. 

Soluble  in  water. 
in  ar.  fp. 

Vitriolic  acid. 

Aeriform  ? 

Aqueous,  cryftallizable. 
Sp.  gr.  2,125  at  moft. 
Sp.  gr.  2,00,  Kirwan’s 
ftandard. 

Sulphureous  acid 
Aeriform,  but  conden- 
fible  by  extreme  cold. 
Aqueous  folution. 

Siliceous  earth. 

Pure  white  powder  tafte- 
lefs. 

Sp.  gr.  2,6. 

Infoluble  in  water  or 
ardent  fpirit. 

Infufible  ? 

With  water. 

Liquor  of  flints. 
Deliquefcent  ? 

In  the  dry  way  glafs. 

With  water. 

Liquor  of  flints. 
Deliquefcent  ? 

In  the  dry  way  glafs. 

No  diredl  union. 

No  diredl  union. 

No  direCt'unioru 

Calcareous  earth. 

White  powder. 

Sp.  gr.  2,3. 

Cauftic  tafte. 

Heats  with  water,  and 
diffolves  in  680  times 
its  weight. 

Adis  flightly  on  ard.  fpi. 
Infufible. 

With  water  ? 

In  the  dry  way  glafs. 

As  the  veg.  alk.  ? 

Qu.? 

Selenite,  gypfum,  or 
plaifter. 

Cryftalliz.  permanent. 
Sp.  gr.  about  2,3. 
Soluble  in  500  parts- of 
water. 

32  parts  earth. 

47  acid  ? 

1 1 water  ? 

Combination. 

Saline  ? or  becoming  fo 
by  expofure  to  the  air  ? 

Argillaceous  earth. 

White  powder  taftelefs. 

Sp.  gr.  about  2,0. 

Forms  an  adhefive  pafte 
with  water,  but  is  not 
foluble  in  lefs  than 
7,000  times  its  weight. 

Infol.  in  ar.  fp.  ? 

Infufible,  but  contra&s  and 
hardens  by  heat. 

With  water  no  adtion  ? 
In  the  dry  way  glafs  ? 

As  the  veg.  alk.  ? 

Qu.? 

Alum. 

Perm,  cryft.if  alk.be  pre- 
fent,  and  dcid  in  excefs. 

Soluble  in  1 1 p-  water. 

1 8 parts  earth. 

30  acid? 

52  water  ? 

If  the  excefs  of  acid  be  fat 
with  alk.  the  earthy 
fait  becomes  almoft  inf. 

Combination  ? 

Magnefian  earth. 

White  powder. 
iSp.gr.  2,33. 

Not  more  foluble  in  wa- 
ter or  ard.  fp.  than 
1 argil,  earth. 

Infufible. 

With  water  ? 

In  the  dry  way  ? 

As  the  veg.  alk.  ? 

Qu.  ? 

Epfom  fait. 

Bitter  efflorefcentcryft. 
Soluble  in  1 p.  water. 
20  earth. 

35  acid  ? 

45  water  ? 

Combination. 
Saline  ? 

Ponderous  earth. 

White  powder,  cauftic 
tafte. 

Sp.  gr.  4,«o? 

Soluble  in  goo  times  its 
weight  of  water. 
Infufible. 

With  water  ? 

In  the  dry  way  ? 

As  the  veg.  alk.  ? 

Qu.  ? 

Ponderous  fpar. 
Permanent  cryftals . 

Sp.  gr.  4,47. 

Infoluble  in  water  or  ar. 
fp. 

84  earth. 

16  acid. 

0 water  ? 

Combination  ? ? 

1 Veg.  alkali. 

White,  concrete,  deli- 
quefcent,  cauftic  tafte. 
Very  foluble  in  water. 
Sol.  in  ar.  fp. 

Mixture. 

Mixture. 

Vitriolated  tartar. 

Small  permanent  cryftals. 
Soluble  in  16  p.  water. 
53  alkali. 

41  acid  ? 

6 water  ? 

Stahl’s  fulphureous  fait. 
Cryftals  permanent.  i 
Pungent  tafte. 

Soluble  in  lefs  water  than 
vitriolated  tartar,  into 
which  it  becomes  chan- 
ged by  expofure  to  the 
air. 

Mineral  alkali. 

White,  concrete,  delique- 
fcent,  cauftic  tafte. 
Very  foluble  in  water. 
Sol.  in  ar.  fp. 

Mixture. 

Mixture. 

Glauber’s  lalt. 

•Large  efflorefeent  cryft. 
Soluble  in  3 p.  water. 
16  alkali? 

26  acid  ? 

58  water  ? 

Saline  combination,  le- 
fembling  Stahl’s  ful- 
phur.  fait  ? 

Volatile  alkali. 
Aeriform,  pungent  fmell 
and  tafte. 

i Soluble  in  water. 

— in  ard.  fp. 

Mixture. 

Mixture. 

Vitriolic  ammoniac. 
Permanent  cryftals. 
Soluble  in  2 p.  water. 

56  alkali?? 

31  acid  ? 
r 3 water  ? 

Volatile  or  decompofable 
by  heat  ? 

Saline  combination  ? 
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Nitrous  acid. 

Aeriform. 

Aqueous  fp.  gr.  1,580. 

. Kirwan’s  ftand. 

Aeriform  with  excefs  of 
azotic  air,  that  is  co- 
loured nitrous  acid. 

or  with  maximum  0 

azotic  air,  viz.  nit.  air. 

Marine  acid. 

— — aeriform. 

aqueousfp.gr.  r,rp') 

Kirwan’s  ftand.  fp.gr.  1,5. 

Aerated  marine  acid. 
Aeriform. 

Aqueous  folution. 

iNitro-muriatic  acid. 
Aeriform  t 
Aqueous.  - 

Phofphoric  acid. 
Dry,  deliquefcent. 
Aqueous  folution. 

Aerial  acid,  or  fixed  air. 
Aeriform. 

Aqueous  folution. 

. No  direCt  union. 

No  direCt  union. 

No  direct  union. 

No  diredt  union. 

No  direCt  union  in  the 
humid  way;  but  it  cor- 
rodes glafs  with  heat. 

In  the  dry  way  glaffy  or 
glacial  acid,  taftelefs, 
and  not  deliquefcent  ? 

No  direCt  union. 

Nitrated  lime. 
Deliquefcent  cryftals. 
Sol.  in  2 p.  water,  and 
in  7-iothp.  ar.  fp. 

32  earth. 

43  acid. 

25  water  ? 

Murialed  lime. 
Deliquefcent  cryftals. 

Sol.  in  2 p.  water,  and 
in  7-roth  p.  ar.  fp. 

40  earth  ? 

34  acid  ? 

26  water  ? ? 

Saline  combination  ? 

Triple  fait  ? ? 

Phofphorated  lime,  or 
earth  of  bones. 

Scarcely  foluble  in  water, 
unlefs  by  excefs  of 
acid. 

Chalk  fpar. 
Infoluble,  infufible. 
5;  earth. 

34  fixed  air. 

1 1 water. 

Nitrated  clay. 

Small  deliquefcent  cry- 
ftals, ftyptic  tafte. 

Muriated  clay. 

Small  deliquefcentftyptic 
cryftals. 

Saline  Combination  ? - 

Triple  fait  ? ? 

In  the  dry  way  the  gla. 
cial  acid  by  ftrong  fu- 
fion? 

In  the  humid  way. 

Qu.  ? 

Lac  lunse  ? 

‘ Nitrated  magnefia. 
Deliquefcent  cryft.  acrid 
and  bitter. 

VeryToluble  in  water  and 
in  ar.  fp. 

27  earth. 

43  acid. 

3P  water  ? 

Muriated  mag 
Deliquefcent  ? cryftals  r 
bitter  acrid. 

Very  fol.  in  water,  and 
in  ardent  fpirit. 

41  earth. 

34  acid. 

25  water. 

Saline  combination  ? 

Triple  fait  ? ? 

Saline  compound.  1 

Soluble  in  excefs  of  add, 
cryftalliz. 

Not  foluble  in  ar.  fp. 

Aerated  magnefia. 
Efflorefcent  cryft.  nearly 
taftelefs. 

Soluble  in  40  p.  water. 
Infoluble  in  ar.  fp.  ? 

50  earth. 

25  acid  air. 

25  water. 

Nitrated  p.  earth. 

Of  difficult  folubility. 
Deliquefcent  ? 

Muriated  p.  earth. 
Permanent  cryftals. 
Moderately  foluble  in 
water  ? 

Info!,  in  ar.  fp,  ? 

Saline  combination  ? 

Triple  fait  ? ? 

Oft-  ? 

Aerated  pond,  earth. 
Infoluble  native  cryftals. 
78  earth. 

20  acid. 

2 vitriolated  barytes. 

Nitre. 

Permanent  cryftals,  folu- 
ble  in  7 p.  water,  and 
in  50  p.  ar.  fp. 

32  alkali. 

63  acid. 

5 water. 

Detonates  with  combufti- 
ble  matter. 

Muriated  veg.  alkali,  or 
fait  of  Sylvius. 
Permanent  cryftals. 

Sol.  in  3 p.  water  and  in 
40  p.  ar.  fp. 

62  alkali. 

32  acid. 

6 water. 

Aerated  fait. 

Perm,  cryft.  filvery  bril. 
Soluble  in  water. 

in  fpirit  ? 

Comp,  faid  to  differ  from 
faltof'  Sylv.  only  in  the 
excefs  of  vital  air. 
Detonates  with  combuft. 
more  ftrongly  than  nit. 

Nitre  and  faltof  Sylvius  r 
Or  a triple  fait  ? ? 

Very  foluble  falts,  diffi- 
cultly cryftal. 

Mild  alkali. 

Permanent  cryftals  if  fa- 
turated. 

Very  foluble  in  water. 
Infoluble  in  ar.  fp.  ? 

48  alkali. 

20  acid. 

32  water. 

Rhombic  nitre. 

Slightly  deliquef.  cryft. 
Soluble  in  1.3d  p.  water  ? 

and  in  13  p.  ar.  fp. 

50  alkali. 

28  acid  ? 

22  water  ? 

Detonates  with  combuft. 

Common  fea  fait. 
Permanent  cryftals. 
Soluble  in  3§  p water. 
Infol.  in  ar.  fp. 

42  alkali. 

52  acid. 

6 water. 

Aerated  fait. 

Very  deliquefcent. 

Rhombic  nitre  and  com.  1 
fait  ? 

Or  triple  fait  ? ? 

Soluble  fait. 

Cryitallizable  with  ex- 
cefs of  .alkali. 
Efflorefcent. 

Mild' alkali. 
Efflorefcent  cryftals. 
20  alkali.' 

16  acid. 

64  water. 

Nitrous  ammoniac. 
Cryftals ; deliquefcent  ? 
Sol.  in  1 p.  water,  and 
in  t p.  ar.  fp. 

1 2 alkali  ? 

80  acid  ? 

8 water  ? 

Decompofed  by  heat  with 
explofion. 

Sal.  ammoniac. 

Perm,  cryft.  not  brittle. 
Sol.  in  6 p,  water,  and  ini 
J2§  ar-  fp. 

40  alkali. 

52  acid. 

8 water. 

Sublimes  entire  in  mode- 
rate heat. 

Decompofitionof  the  alk. 
Produdts. 

Common  marine  acid. 
Water  ? 

Azotic  air. 

Pariial  decompof.  ? and 
triple  fait  ? 

Or  two  diftinCl  falts  ? ? 

Soluble  fait,  cry  1 ■ alliz. 
.With  excefs  of  alkali  ; 
but  difpoftd  to  fly  off 
.in  evaporation. 

If  the  excefs  be  the  min. 
alk.  it  is  the  micro- 
cofmicfalt. 

Mild  vol.  alkali. 

Slightly  efflorefcent  cryft.  : 
43  alkali  } 

45  acid  ? 

1 2 water. 

Sublimes  by  gentle  heat. 
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Component  Paits. 

Acid  ot  borax. 

Permanent  cryftals. 

Sol.  in  20  p.  water,  and  in 
lefsar.  fpirit. 

Rifes  with  boiling  water 
but  not  alone. 

Acid  01  fluor. 
Aeriform. 
Aqueous  folution. 
Spirituous  ? 

Acid  of  amber. 

Concrete  fublimate. 
Soluble  in  24  p.  water, 
and  in  about  3 ar.  fpirit 

Acetous  acid. 

Aeriform. 

Aqueous. 

. Aqueous  aerated  or  radi- 
cal. 

Acid  of  tartar. 
Permanent  cryftals. 
Aqueous  folution. 

Siliceous  earth. 

In  the  dry  way. 

Glafs  opake  and  frothy. 

Humid  way. 

Diflblves  the  earth  preci- 
pitated from  an  alka- 
line folution. 

Aeriform  folution. 
Depofits  earth  when 
paffed  thro’  water. 

Humid  way. 

Solution;  cryftallizable. 

No  aftisn. 

No  action. 

No  aft  ion  J 

Calcareous  earth. 

In  the  dry  way. 
Friable  combination. 

Humid  way. 
Solution. 

Natural  compound,  01 
fluor  fpar. 

Gelatinous  folution. 
Regenerated  fluor. 

' Permanent  cryftals  of  ve- 
ry difficult  folubility. 

Acetated  lime. 
Permanent  cryftals. 

Not  foluble  in  ar.  fp. 

36  earth. 

58  acid. 

6 water. 

Mere  diftillation  deftroys 
the  acid. 

Salt  of  very  difficult 
folution. 

Tartarized  lime. 

Argillaceous  earth. 

In  the  dry  way.  , 
Hard  gray  mafs. 

Humid  way. 

By  trituration  combina- 
tion of  difficult  folubi- 
lity. 

Adheflve  gelatinous  fo- 
lution. 

Piifmatic  cryftals  not  de- 
compofable  by  alkalis. 

Salt  of  difficult  cryftalli- 
zation. 

Aftringent  folution. 

No  cryftals,  but  a clear 
gum-like  mafs  by  eva- 
poration. Soluble  in 
water, but  not  deliquef- 
cent. 

Magnefian  earth. 

In  the  dry  way. 
Combination. 

Humid  way. 

Irregular  cryftals. 
Ardent  fpirit  deprives 
them  of  their  acid. 

Saline  compound  not  fo- 
luble  in  water  but  by 
excefs  of  acid. 

Cryftals  foluble  in  ardent 
fpirit. 

Not  decompofed  by  heat, 
nor  by  any  known 
acid. 

Gummy  faline  deliquef- 
cent mafs. 

Deliquefcent  gum-like 
mafs. 

Soluble  in  ar.  fp.  gives 
out  its  acid  by  diftil- 
lation. 

Saline  mafs,  foluble  with 
excefs  of  acid  and 
cryftallizable. 

Ponderous  earth. 

Qu.? 

I 

Scarcely  foluble 
^alt  in  powder. 

<**• 

Deliquefcent  fait. 

Qu. 

Vegetable  alkali. 

By  fufion.  t 

Mafs  of  a glaffy  appear- 
ance. 

By  folution.  . 
Cryftallizable  fait. 

Gelatinous  folution. 

By  evaporation  foliated. 

Deliquefcent  bitter  cryf- 
tals, very  foluble  in 
water. 

Qu.  In  ardent  fpirit  ? 

Acetated  veg.  alkali. 
Vulg.  foliated  tartar. 
Deliquefcent. 

Soluble  in  ardent  fpirit. 

50  alkali- 
41  acid. 

9 water. 

Mere  diftillation  deftroys 
its  acid.  < 

Cryftals  of  tartar. 
Soluble  in  48  p.  water  ? 
23  alkali. 

77*  acid,  of  which  34  are 
in  exeefs. 

Soluble  tartar. 

Sol.  in  5 p.  water  ? 

13  alkali. 

43  acid. 

Mineral  alkali. 

Common  borax. 
Permanent  cryftals,  with 
excels  of  alkali. 
Soluble  in  18  p.  water. 

17  alkali,  of  which  8 
are  excefs. 

34  acid. 

47  water. 

Gelatinous  folution. 
By  evaporation  foliated. 

Permanent  bitter  cryftals 
foluble  in  about  3 parts 
water  ? 

Q^  Ard.  fpirit  ? 

Acetated  min.  alkali. 
Permanent  cryftals.  1 

Soluble  in  ardent  fpirit. 

Rochelle  fait. 

Cryftals  flightly  effior. 

I his  combination  has  al- 
fo  a period  of  lefs  fo- 
lubility with  excefs  of 
acid,  as  happens  with 
the  veg.  alkali. 

Volatile  alkali. 

Soluble  eryftalhzable  fait. 

Gelatinous  folution. 
Deliquefcent  cryftals. 

Cryftallized  fait. 
Permanent  ? 

Soluble  in  water  and  in 
ar.  fp. 

Fufible  and  totally  eva- 
porable. 

Saline  folution,  called 
fpirit  of  Mindererus.  1 
Rifes  by  heat  firft  pure  ' 
■alkali,  then  acid,  then 
neutral  fublimation. 

1'artarized  ammoniac. 
Cryftallized. 

Soluble  in  water. 

Lefs  foluble  if  the  acid 
be  in  a determinate 
ex  cefs. 
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Empyreumatic  acid  ot 
tartar. 

Aqueous. 

Acid  of  fugar. 
Cryftallized. 

Soluble  in  ^ parts  water, 
and  in  7.\  p.  ar.  fpirit, 
alfo  in  ether  and  all  oils. 

Acid  of  galls. 

Cryftals. 

Soluble  in  24  p.  water, 
and  in  4 p.  ar.  fpirit. 

Acid  of  lemons. 

Cryftals. 

Soluble  in  water  and  in 
ar.  fpirit. 

Acid  of  apples. 
No  cryftals. 
Aqueous  fol. 
Spirituous  fol. 

Acid  of  benzoin . 

Concrete  inflammable 
fublimate. 

Sol.  in  cco  p.  water,  in 
a few  p.  ar.  Spirit,  and 
in  oils. 

No  adtion. 

No'adtion? 

No  adtion. 

No  adtion. 

No  adtion. 

No  adtion. 

Saline  compound. 
Qu? 

Infoluble  compound. 

46  earth. 

48  acid. 

6 water. 

Decompofed  by  fire,  but 
by  na  acid  yet  known. 

Soluble  fait. 

Salt  of  very  difficult  fol  u - 
ti°n. 

Infoluble  in  ar.  fpirit. 

Cryftalliied  fait, 

Soluble  in  boiling  water. 
Infoluble  in  ar.  fpirit. 

Cryftals  of  fparing  folu- 
bility. 

Compound  i 

Yellow  altrmgent  mats. 
Not  cryftallizable. 

44  earth. 

56  acid  and  water. 

Qu. 

Salt  of  difficult  folution. 

Salt  of  difficult  folution. 

Aftringent  _falt. 

Compound  ? 

White  faline  powder. 
35  earth. 

65  acid  and  water. 

Soluble  fait. 

Salt  of  diffic  ult  folution . 

Deliquefcent  fait. 

Cryftall.  fait. 

Eafily  foluble  in  water. 
In  ardent  fpirit  ? 

Compound  ? 

Compound  of  difficult 
folubility. 

Cryftalliz.  with  excefs 
of  acid. 

Soluble  fait. 

Salt  of  difficult  folution. 

Cryftall.  fait,  veryfpar- 
ingly  foluble. 

Qu. 

Cryftallizable  and  foluble 
compound. 

Compound  of  difficult 
cryftallization,  unlefs 
one  of  the  two  princi- 
ples be  in  excefs. 

Soluble  in  water  and  in 
ardent  fpirit. 

If  the  acid  be  in  a deter- 
minate excefs,  it  forms 
fait  of  forrel. 

Salt. 

Deliquefcent  fait. 

Deliquefcent  fait. 

Deliquefcent  feather-ltke 
cryftals. 

i Cryftallizable  and  foluble 
compound. 

Salt  of  (paring  tolubility. 
Cryftalliz. 

Infoluble  in  ar.  fpirit. 

Salt. 

Deliquefcent  fait. 

Deliquefcent  fait. 

Efflorefcent  cryftals. 

Saline  compound  ? 

Cryftallizable  fait. 
Very  foluble  in  water. 
Infoluble  in  ar.  fpirit. 

Salt. 

Salt. 

Deliquefcent? 

Deliquefcent  fait. 

Small  deliquefcent  cryf- 
tals. 
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Empyrcumatie  acid  of 
wood. 

Aqueous  folution. 

Empyreumatic  acid  ol 
fugar,  Sec. 

Aqueous  folution. 
Spirituous  folution. 

Acid  of  camphor, 
litter  cryftals. 

Acid  of  milk. 
Aqueous  folution. 
Not  cryftallizable. 

Acid  of  fugar  of  piilk. 
White  pow  der. 

Sol.  in  So  p.  water. 

Ci  yftallizable. 

Ii  flammable. 

Siliceous  earth. 

No  adtion, 

No  adtion. 

No  action. 

No  adtion. 

No  adtion. 

Calcareous  earth. 

Saline  compound. 

Soluble  fait. 

Not  cryftallizabldt 

Qu. 

Deliqueicent  fait. 

Infoluble  combination. 

Argillaceous  earth. 

Qu. 

Gummy  altringent  mals. 

Qu. 

Deliquelcent  fait. 

lnlolubie  combination. 

Magnefian  earth. 

Saline  compound. 

Gummy  mafs  opake,  and 
hard  when  dry. 

White  pulverulent  fait. 

Cryftall.  fait. 
Deliquef. 

Infolubl*  combination. 

Ponderous  earth. 

Saline  compound. 

fiu. 

Qu. 

Deliquef. . fait. 

Infoluble  combination. 

Vegetable  alkali. 

Soluble  fait. 
Cryltallizable  ? 

Cryftalliz.  fait. 

Of  difficult  folution. 
Infolublein  ar.  fpirit. 

Cryftallized  fait. 

Deliquef.  fait. 
Soluble  in  ar.  fpirit. 

Cryftalliz.  fait,  nearly 
infol.  in  cold  water, 
but  fol.  in  8 p.  boiling 
water. 

Mineral  alkali. 

Soluble  fait. 

Cryftalliz.  lalt. 

Very  foluble  in  water. 
Infoluble  in  ar.  fpirit. 

Cryftall.  fait. 

Deliquefeent  fait. 
Sol.  in  ar.  fpirit. 

Cryftalliz.  fait,  nearly 
infol.  in  cold  water, 
but  fol.  in  5 p.  boiling 
water. 

Volatile  alkali. 

Soluble  fait  ? 

Soluble  fait. 
Not  cryftalliz. 

Cryftall.  lalt. 

Deliquef.  fait. 

Salt  with  excefs  of  acid  ? 
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Acid  of  ants. 
_ Aqueous. 

Pruffian  acid. 

Aeriform. 

Aqueous. 

Acid  of  fat. 
Liquid,  fuming. 

Acid  of  the  ftone  of  thi 
bladder. 

Concrete;  fparingly  fo 
r luble  ; decompofed  b; 
heat. 

: Acid  of  filk  worms. 
- Aqueous. 

1 

Metallic  Acids. 

Of  arfenic. 

folubl  e i n 2 p.  water. 
Of  tungften.  infol. 

'No  adion. 

No  adion. 

No  action. 
Corrodes  glafs  ? 

No  adion. 

No  adion. 

No  action  ? i 

Permanent  cryftals,  bittei 
tafte. 

Soluble  in  8 p.  water. 
Infoluble  in  ar.  fp. 

Combination  aqueous. 
Teft  liquor  for  iron. 

Permanent  cryftals. 
Very  foluble  in  water. 
Infoluble  in  ar.  ftp. 

85  earth. 

1 5 acid  and  tvater  ? 

Combination  ot  lparing 
folubility. 

Qu. 

Arftenicai  lalt. 
Cryftalliz. 

Tungften.  infoluble. 
z earth. 

1 acid  or  calx. 

Combination  difficultly 
effeded. 

No  dived:  adion. 
Nor  indired  ? ? 

Aftringent  mafs. 
Not  cryftalliz. 
Earth. 

Acid. 

Alkali  ? ? 

C»u. 

Qu. 

Arfenical  coagulum. 

Salt  ofdifficultfolubility  ? 
Efflorefcent  ? 

Infoluble  in  ar.  fp. 

Combination  by  a very 
weak  adion. 

Gum-like  mafs. 
Not  cryftallizable. 
8 earth. 

1 acid  and  water. 

Qu. 

Qu. 

Arfenical  coagulum. 

Permanent  cryftals,  bittei 
tafte. 

Soluble  in  4 p.  water. 
Infoluble  in  ar.  fp. 

Solution  of  a very  fmall 
portion  of  the  earth. 

Qs- 

Qu. 

Qu. 

Arfenical  fait. 

Of  diffic.  folub.  ? 

Deliquefcent  cryftals. 

Pure  prufliated  alkali. 
Cryftallizable. 

With  excels  of  acid? 

Common  pruffian  alkali, 
or  lixivium  fanguinis; 
contains  more  or  lefs 
of  iron  in  combination. 

Permanent  cryftals. 
Segner’s  fait. 
Infoluble  in  ar.  fp. 

V eilow  folution. 

Not  cryftallizable  ? ? 

Qu. 

Arfenical  falts. 

Soluble  in  water. 
Cryftall.  with  excefs  of 
alkali. 

Tungftenic  combin. 
Soluble  with  excefs  of 
alkali. 

Foliated  deiiquef.  cryft.  1 
Soluble  in  2 p.  water. 

Cryftallizable  fait. 

Cryftalliz.  fait. 
Deliquefcent  ? ? 1 

Solution.  < 

Cryftalliz.  ? 

C»u. 

Arfenical  neutral  fait. 
Cryftals. 

Tungftenic  ? 

Extremely  deliquefcent  ! 
cryftals.  < 

Saline  compound.  < 

Cryftallizable  ? i 

Rifes  entire  by  diftilla- 
tion ; 

Without  decompofition  ? 

Cryftalliz.  fait.  f 

Sublimable  without  de-  1 
compof.  i t 

Solution.  * 

Alkali  much. 

Acid  little. 

liu. 

Arfenical  fait. 

Cryftalliz. 

Tungftenic  fait. 

Cryftals  with  excefs  of 
alkali. 

6 Y 
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Vegetable  alkali. 

Mineral  alkali. 

Volatile  alkali. 

Vitriolic  acid. 

Sulphureous  acid. 

Calx  of  Gold. 

Yellow  metal,  but  green 
by  tranfmitted  light, or 
when  fufed;  very  mal- 
leable and  tenacious  ; 
not  calcinable  by  fire  ; 
does  not  ruft. 

Specific  gravity  19,3. 

No  diredt  a&ion. 
Solution  of  precipitate 
from  acid  ? 

As  the  vegetable  alkali. 

No  diredt  adtion  on  the 
metal. 

Precipitates  from  acid, 
and  combines  with  it. 
Fulminating  gold. 

No  adtion  on  the  metal. 

Slight  adtion  after  previ- 
ous diftil.  of  the  acid 
from  manganefe. 

Precipitates  byF.  alkali. 

Soluble  but  weakly  re- 
tained. 

No  adlion  ? 

Calx  of  platina. 

White  metal  malleable, 
very  difficult  of  fufion, 
does  not  ruft  ; capable 
of  welding. 

Specific  gravity  22,0. 

Or  24,0  ? 

No  diredt  action. 

Throws  down  a precipi- 
tate from  acid,  confift- 
ing  firll  of  a triple  cryf- 
tal.  lalt,  and  next  of  a 
calx. 

No  diredt  adlion. 
Precipitates  a calx  from 
acid. 

No  diredt  adtion. 

Precipitates  from  acid  fi- 
milar  to  the  vegetable 
alkali. 

No  adtion  ? 

Precipitate  from  nitro- 
muriatic  folution. 

No  adlion. 

Calx  of  Silver. 

White  metal,  very  mal- 
leable, fcarcely  calcin- 
able  by  furnace,  does 
not  ruft ; becomes  black 
from  fulphur.  exhal. 

Specific  gravity  10,5. 

No  diredt  adtion.  . 

No  diredt  adtion. 

No  diredt  adtion. 

Combination  with  the 
calx  precip.  from  ni- 
trous a.  by  lime  water. 
Cryftalliz.  fulmin.  filver. 
Extremely  dangerous. 

Calcination  by  boiling 
and  fparing  folution. 
Small  cryftals. 

Qu. 

Calx  of  Mercury. 

White  metal,  folid,  and 
mall,  when  cooled  be- 
low— 390  ; fluid  in  all 
higher  temp,  boils  and 
riles  without  decomp, 
at  6co®  ; cal.  in  a mod. 
heat,  and  red.  without 
ad.  by  a greater  heat. 

Specific  gravity  '2,6. 

Qu. 

Qu. 

Qu. 

Solution  by  heat,  moltly 
Separated  in  form  of 
white  calx. 

Cryftals,  vitriol  of  mer- 
cury. 

Both  the  calx  and  the  cryf. 
become  yellow  by  waft, 
off  the  ac.  with  b.  water. 

Turbith  mineral. 

Q“. 

Calx  of  Tin. 

Yellowifh  white  metal. 
Malleable,  fufible  at 
410^;  calcinable,  does 
not  ruft',  acldifiable. 
Specific  gravity  7,3. 

CHt. 

Qu. 

Qu. 

Solutionand  feparatjon  of 
calx,  efpecially  if  the  a- 
cid  be  concent,  and  hot. 
Cryftals,  by  cooling. 

Qu. 

Calx  of_Copper. 

Reddilh  brown  metal  : 
hard ; fonorous  mal- 
leable ; tenacious,  fu- 
fible by  ftrong  heat, 
burns  with  blueifh 
green  flame ; partly 
vol.by  ebul  ; cal.  and 
liable  to  ruft. 

iCombin.  in  the  dry  w ay  ? 

In  the  humid  way  afljifted. 
by  the  air. 

Slight  combination  or 
corrofion. 

As  the  vegetable  alkali. 

Sparing  folutlon  by  the 
affiftance  of  air  and 
water. 

Cryftals. 

Indircdt  combin.  with 
precipitates. 

Solution  in  boiling  con- 
cent. acid. 

Cryftal.  after  dilution. 
Sol.  in  4 p.  water. 

27  copper. 

30  acid  ? 

43  water  ? 

Qu. 

Calx  of  Lead. 

Blue  white  metal  ; foft  ; 
malleable ; fufible  at 
540  degrees;  boils,  and 
perhaps  rifes  in  clofe 
veffels  ; calcinable. 

Slightly  rufts. 

Specific  gravity  11,3. 

In  the  dry  way  combina- 
tion. 

In  the  humid  way  corro- 
fion andfolution. 

As  the  vegetable  alkali  ? 

Qu. 

Solution  and  calcination. 
Cryftals. 

Sol.  in  18  p.  water. 

Or  more  ? 

Qu. 

Calx  of  1 ron. 

Gray  white  metal  ; hard; 
elaftic  ; malleable  ; te- 
nacious ; very  difficult 
of  fufion  ; Becomes  ig- 
nited by  blows ; weld- 
able; magnetic;  calcin- 
able; veryliabletoruft. 

Specific  gravity  7,8. 

Comhin.  with  the  calx 
by  fufion. 

In  the  humid  way,  calci- 
nation and  combin. 

As  the  vegetable  alkali  ? 

Combination. 

Solution  with  heat  it 
concentrated,  but  in 
the  cold  if  diluted. 
Efflor.  cryftals. 

25  iron. 

20  acid  ? 

55  water  ? 

Qu. 
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Nitrous  acid. 

Marine  acid. 

Aerated  marine  acid. 

Nitro  muriatic  acid. 

Phofphoric  acid. 

Aerial  acid  nr  fixed  air.  1 

Exceedingly  fparing  folu- 
tion of  the  metal. 

Precipitates  by  f.  alkali. 
Soluble,  but  weakly  re- 
tained. 

No  action. 

Precipitates  by  f.  alkali. 
Sol.  but  weakly  retained. 

Solution  with  effervef- 
cence. 

Cryftals.  deliquef. 

Solution  with  effervef- 
cence. 

Cryftals,  deliquef. 
Containing  marine  acid 
only  ? 

In  the  dry  way  by  fufion 
purple  combination. 

In  the  humid  way  no  ac- 
tion on  the  metal. 

Reduces  and  precipitates 
from  acid  fol. 

No  aCtion. 

Indirect  combination  ? 

No  aCtion. 

No  action. 

Solution  as  with  the  nitro 
muriatic  acid. 

Solution  very  dark  yellow 
or  brown  red. 

Cryftals,  red,  very  fpa- 
ringly  foluble. 

No  direCt  aCtion,. 

Redudion  and  precipita- 
tion from  acid  ? 

No  aCtion. 
Qu.  indirect. 

Rapid  folution. 

Cryftals.  Lunar  nitre,  or 
lunar  cauftic,  when 
fufed.  . 

Soluble  in  water  and  in 
2i  ar-  fp- 

Extrication  and  decompo- 
fition  of  the  acid  by 
heat. 

Very  fparing  folution  ? 

Precip.  from  nitrous  acid. 
Luna  cornea. 

Eufible. 

Soluble  in  about  ioco  p 
boiling  water. 

Solution  and  precipitation 
of  luna  cornea. 

Solution  and  precipitation 
of  luna  cornea. 

No  dircCt  aCtion. 

Ads  on  the  calx  or  pre- 
cipitate ? 

No  aCtion. 

Indirect  comb,  by  preci- 
pitation. 

Rapid  folution. 

Cryftals.  Mercurial  nitre. 

If  heat  be  employed  the 
quantity  taken  up  is 
greater,  and  water 
throws  down  a yellow 
calx,  refembling  tur- 
bith  mineral. 

No  direCt  aCtion. 

Takes  it  from  the  ni- 
trous folution,  andfalls 
down  in  the  form  of 
cor.  fub.  or  calomel,  as 
the  mercury  was  more 
or  lefs  calcined. 

Solution. 

Cryftals. 

Corrofive  fublimate. 
Sparingly  foluble  in  wa- 
ter, and  in  ar.  fp. 

Solution  and  precip.  ? 
Corrof.  fublimate  ? 

No  aCtion. 

Precipitation  from  nitr. 
acid. 

No  direCt  action. 

Indirect  comb,  by  preci- 
pitation. 

Very  rapid  folution  ; moft 
part  calcined  and  pre- 
cipitated. 

No  cryftals. 

Production  of  volatile 
alkali. 

Solution. 

Permanent  cryftals. 

Solution  without  effervel’- 
cence. 

Permanent  cryftals. 

Indirect  co'mb.  bydiftill- 
ing  amalgam  with  cor- 
rofive  fub. 

Liquor  of  Libavius. 

Becomes  folid  with  water. 

Solution. 

The  phenomena  differ 
much  according  to  the 
proportion  and  concen- 
tration of  the  acids, 
and  the  quantities  of 
metal  added  at  a time. 

Corrofion  of  the  metal 
arid  flight  folilbility  of 
the  calx. 

No  direCt  aCtion. 
Indirect  comb,  by  preci- 
pitation. 

Rapid  folution,  fome  calx 
falls  down. 

Cryftals,  by  flow  evap. 
Soluble  in  4 p.  water  ? 
And  in  4 p.  ar.  fp. 

Solution  in  concent,  and 
boiling  acid. 

Cryftals. 

Solution. 

Solution. 

Slight  aCtion  onthemctal. 
Aflifted  by  the  air? 

No  direCt  aCtion  ? 
Indirect  comb,  by  preci- 
pitation. 

And  folut.  i 

Calcination,  if  concen- 
trated. 

Solution,  if  more  dilute. 
Cryftals. 

Calcination  and  partial 
folution. , 

Cryftals. 

Indirect  combination. 
Corneous  lead. 

Infol,  in  water  ? 

Qu. 

Qu. 

Slight  corrofion.  • 
Precipitation  from  nitrous 
acid  ? 

And  from  fugar  of  lead. 

No  direCt  aCtion. 

Indirect  comb,  by  preci- 
pitation. 

And  foluf. 

Solution. 

Depofition  of  calx. 
No  cryftals. 

Solution. 

Magma,  and  deliquefcent 
cryftals. 

Solution. 

Solution. 

Solution  with  cfFervef- 
cence. 

Cryltalliz,  or  magma  ? 
Compound  depofited  by 
the  addition  of  water. 
Siderite. 

Solution. 

Separates  in  the  form  of 
an  ochreOus  film. 

Alfo  indireCt  comb,  by 
precipitation. 

6 Y 2 
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Component  Paris. 
Calx  of  Gold. 

Acid  of  Borax. 

'Acid  ot  Fluor. 

Acid  of  Amber. 

Acetous  acid. 

Acid  of  Tartar. 

No  adlion  either  dry  or 
humid  : 

Nor  indiredt  ? 

Colour  bf  the  metal  faid 
to  be  changed  by  fufion. 

No  adlion  on  the  metal. 
Precipitate  diffolved. 

Qu. 

No  dirett  adlion  on  metal.  1 

Metallic  precipitat.  from 
folution. 

Precipitates  by  alkalis 
diffolved. 

No  adlion  on  the  metal, 
solution  of  precip. 

Calx  of  Platma. 

No  adlion. 

Qu. 

No  adlion  on  the  metal, 
[ndiredt  ? 

No  diredl  adlion  on  me- 
tal. 

Precipitates  by  alk.  dif- 
folved. 

No  adlion  on  the  metal. 
Solution  of  precip.  1 

Calx  of  Silver. 

No  adlion  ? 

No  adlion  cn  the  metal. 

Partial  folution  of  preci- 
pitate. 

Solution  of  precipitate. 
Cryftals. 

No  adlion  on  the  metal.  ' 

Precipitates  by  alk.  dif- 
folved with  heat,  cry  f- 
tallizuble. 

Solution  of  precip. 

Calx  of  Mercury. 

No  direct!  adlion  on  th: 
metal  either  dry  or 
humid. 

Saturated  borax  throws 
down  a yellow  com- 
pound from  nitrated 
mercury. 

No  adlion  on  the  metal, 
[ndiredt  combination. 
Solution  of  precipitate. 

Solution  of  precipitate. 
Cryftals  ? ? 

No  adlion  on  the  metal. 

Calces  and  alfo  precipi- 
tates diffolved. 

Shining  cryftals. 

Impeded!  combination, 
or  Ethiops. 

Precipitates  from  nitrous 
fol. 

Other  indiredt  combina- 
tions. 

Calx  of  Tin. 

Sparingly  combinable  in 
the  dry  and  humid 
ways. 

White  cryftals. 

No  adlion  on  themetal. 
Gelatinous  folution  of 
precipitate. 

Solution  of  precipitate. 
Cryftalliz. 

Slight  folut.  of  the  metal,! 
not  cryftalliz.  , 

Precipitates  and  calces  by 
deflagration  are  folu- 
ble. 

Cryftals. 

Salt  of  Tin. 

No  adlion  on  the  metal, 
lndiiedl  adlion  ? 

Calx  of  Copper. 

Combination  by  fufion. 

Weak  adlion  by  heat  in 
the  humid  way. 

Saturated  bora*  precipi- 
tates all  acid  folutions 
of  copper.  The  com- 
pound is  green,  and  al-1 
molt  mfoluble. 

Solution. 

Blue  cryftals. 

Solution  of  the  metal  by 
long  digeition. 
Cryftalliz. 

Sol.  with  vital  air. 
Cryftals  of  Verdigrife. 

With  more  calx. 
Common  Verdigrife. 

Little  adlion  on  the  me- 
tal. 

Adis  on  the  calces. 
Precipitates  vitriolic  and 
marine  folutions. 

Blue  cryftals,  or 
Brunfwick  green. 

^'alx  of  Lead. 

Fine  greeniih  Gists  by 
fufion  of  1 p.  acid  and 
z p.  minium. 

No  humid  adlion,  but 
borax  throws  down  this 
metal  from  acids. 

Solution  of  the  calx. 
Sweetifli  tafte. 

No  cryftals,  but  a powder 
depof.  by  evapor. 

No  action  of  the  metal. 
Indiredt  combin. 
Solution  of  pvecip. 
Cryftalliz. 

Solution  cryltalliz. 
Sweet  tafte. 

Sugar  of  lead. 

With  more  calx. 
Cerufe. 

Precipitation  from  ni- 
trous or  marine  acid. 
Solution  of  calces  ? i 

Calx  of  Iron. 

Soluble  compound  by  fu- 
fion. 

Amber  coloured  folution 
with,  water;  cryftalliz. 

Borax  precipitates  this 
metal  from  acids,  and 
its  acid  diffolves  the 
precipitates. 

Strong  adlion  on  the  me- 
tal, and  alfo  its  calces. 
No  cryftals,  but  hard 
mafs  by  evapor. 

Slight  adlion  on  the  me- 
tal. 

Solution  of  precip. 
Cryftalliz. 

Slight  adlion  on  the  me- 
tal. 

Solution  deliquef.  cryf- 
tals. 

Acid  decompofed  by  dif- 
til.  or  extricated  ? 

Solution  of  the  metal. 
Indiredt  combination  by 
martial  vitriol. 
Cryftals. 
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Empyreumatic 
Acid  of  Tartar. 

Acid  of  Sugar. 

Acid  of  Galls. 

Acid  of  Lemons. 

Acid  of  Apples. 

Acid  of  Benzoin. 

Qu. 

No  a&ion  on  the  metal 
nor  its  precip. 

Precipitate  in  the  metal- 
lic ftate  from  acid  fo- 
lution. 

- No  adtion. 
■ Indiredt  ? 

Qu. 

Qu. 

Indiredt  ? 

' 

Qs- 

No  action  on  the  metal. 
Solution  of  precip. 
Yellow  cryltals. 

No  adtion  ? 

No  adtion. 

Qu. 

Qu. 

Indiredt  i 

Precipitation  from  nitrous 
folution. 

No  adtion  on  the  metal. 
Sparing  folution  of  pre. 
cip. 

Separates  it  from  nitr. 
acid. 

White  powder  nearly  in- 
fol. 

Gray  metallic  precipitate 
from  acid  folution. 

No  adtion. 

Qu. 

Qu. 

Indiredt  ? 

Precipitationfrom  nitrous 
folution. 

No  adtion  on  the  metal. 
Unites  with  calx. 

White  comp,  fparingly 
fol. 

Separates  from  vitr.  and 
nitr.  folutions. 

Orange  coloured  precipi- 
tate from  acid  folution. 

No  adtion. 

Separates  a white  powder 
from  the  acetous  folu- 
tion. 

Qu. 

Qu. 

indiredt  ? 

Qu. 

Solution  and  calcination. 
Cryftals. 

Calx  ealily  foluble. 

Qu. 

No  adtion. 

Qu. 

Qu. 

Indiredt  ?' 

Solution  ? ! 

Solution  of  metal  and  of 
calces. 

Light  blue  powder,  infol. 

but  with  excefs  of  acid, 
separates  from  vitr.  nitr. 
and  mar.  folution. 

Brown  precipitate  from 
acid  folution. 

No  adtion. 

Qu. 

Indiredt  ? 

Qu.  1 

( 

( 

< 

Nlo  folution  of- the  metal  1 
Bakes  and  precipitates 
are  foluble. 

Cryltals  nearly  infol. 
Separates  it  from  nitr. 

acet.  and  mar.  acids. 

;5  lead. 

[•5  acid  ? 

IVhite  precipitate  . horn  ‘ 
acetous  folution.  i 

■No  action.  < 

separates  a white  powder 
from  the' acetous  folu- 
tion. 

3u.  < 

1 

-du. 

indiredt  ?- 

Solution  i 5 

< 

5 

Solution  with  effervef.  1 
Bryltals  effloref.  fol. 

15  iron.  1 

;5  acid,  partly  in  excefs. 

Black  precipitate  from  ! 

vitriolic  folution. 
ink  i“ 

solution.  ~ i 

1 

Brown  folution.  i t 

STo  cryltals.  I 

iy- 

ndiredt  ? 

j 

io8d 
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Component  Parta. 

impyrtumatic  acid  of 
wood. 

impyreumatic  Acid  of 
Sugar,  &c. 

Acid  of  Camphor. 

Acid  of  milk. 

Acid  of  fugar  of  milk. 

Calx  of  Gold. 

Qu. 

Solution  of  gold  leaf,  and 
alfo  of  the  calx. 

Qu. 

No  adtion. 

No  action  ? 

Calx  of  PI  atina. 

Qu. 

Qu. 

Qu. 

Qu. 

1 

Qu. 

Calx  of  Silver. 

Qu. 

No  adtion. 

Qu. 

No  adtion. 

No  adtion  ? 

Precipitate  from  nitrous 
folution. 

Calx  of  Mercury. 

Qu. 

No  adtion. 

Qu. 

No  adtion. 

No  adtion  ? 

Precipitate  from  nitrous 
folution. 

Calx  of  Tin. 

Qu. 

Solution  and  corrofion. 

No  adtion. 

No  adtion. 
Indiredt  ? 

Calx  of  Copper. 

Qu. 

Solution. 
No  eryftals. 

Qu. 

Slow  folution. 
No  eryftals. 

No  adtion. 
Indiredt  ? 

Calx  of  Lead. 

Qu. 

Calcination  of  the  metal. 
Solution  of  minium. 
Aftringent  eryftals. 

Qu. 

Solution  fparing  ? 

No  adtion  ? 

Precipitate  from  nitrous 
folution. 

Calx  of  Iron. 
1 

Qu. 

Blood-red  folution. 
Green  eryftals. 

Qu. 

Solution. 
No  eryftals. 

No  adtion. 
Indiredt  ? 
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Acid  ot  Ants. 

Pruffian  acid. 

Acid  of  fat. 

Acid  of  the  Stone  of  the 
bladder. 

Acid  of  Silk-worms. 

Metallic  acids. 

No  adlion. 

Precipitate  from  acid  fo- 
lution  by  double  affi- 
nity. 

Solution  ofthe  metal,  with 
the  affiftance  of  one- 
' third  nitrous  acid,  or  by 
abilradlion  from  man- 
ganefe. 

Calces  or  precip.  dif- 
folved. 

Cryftals. 

Separates  it  from  aq  reg. 

Qu. 

Qu. 

No  arfenical  comb . 

White  molybdenic  pre- 
cipitate from  acid. 

No  adlion. 

No  combination  diredl. 
Nor  indiredt  f 

Habitudes  as  with  gold. 

Qu. 

Qu, 

Arfenical  comb,  by  dou- 
ble affinity. 

Yellow. 

No  adlion  on  the  metal. 
Solution  of  the  calces. 
Cryftals. 

Precip.  by  double  affinity 
from  nitrous  folution. 
Brick-coloured  powder. 

Sparing  folut'ion. 

Precip.  difficultly  dif- 
folved. 

Separates  it  from  nitrous 
acid. 

Indiredt  ? 

Qu. 

Arfenical  folution. 

precipitate  by 

Angle  and  alfo  by  double 
affinity. 

Molybdenic  precipitate 
from  nitrous  acid. 

No  adlion  on  the  metal . 
Solution  of  the  calces. 
Cryftals. 

Reduces  the  calces  ? i 

Precip.  by  double  affinity 
from  nitrous  folution. 
White  and  yellow  ? 

Combination  by  repeated 
abilradlion- 
Precip.  foluble. 

White  precip.  from  folut. 

of  cor.  fublim. 
Chara'dteriftic  of  this 
acid. 

Indiredt  ? 

Qu. 

Arfenical  combination  di- 
redt,  by  diitill. 
Infoluble  in  water. 
Indiredl  combinations. 
Molybdenic  precipitate 
from  nitr-folutrou. 

No  adlion  on  the  metal. 
Nor  the  calces  ? 

Precip.  by  double  affinity 
from  nitrous  folution. 
Dark  green  or  blue  pow- 
der. 

{.■ 

Combination  or  corrofion 
and  partial  folution. 
Deliquef.  fait. 

Indiredt  ? 

Qu. 

Gelatinous  arfenical  fo- 
lution. 

double  affinity. 

Brown  molybdenic  pre- 
cipitate from  mar. 
acid. 

No  adlion  on  the  metal. 
Solution  of  the  calces. 
Cryftals. 

Precip.  by  double  affinity 
from  nitrous  folution. 
Dark-red  powder. 

Solutiop  oy  heat. 
Deliquef,  cryftals. 

Indiredt  ? 

Qu. 

Green  arfenical  folution. 

Blue  molybdenic  precipi- 
tate. 

No  adlion  on  the  metal. 
Solution  of  Che  calces. 
Cryftals. 

Precip.  by  double  affinity 
from  nitrous  folution. 
Greenilh  yellow  powder. 
Becomes  white. 

Corrofion  of  the  metal. 
Solution  of  calces. 
Sweetiih ; foluble  cryf- 
tals } 

Indiredl  ? 

Qu. 

Arfenical  combin.  by 
diftill. 

Molybdenic  precipitate 
from  nitr.  folution* 

Solution  of  the  metaland 
of  the  calces. 

Cryftals. 

_ 

Precip.  by  double  affinity 
' from  vitriolic  or  ma- 
rine folution. 

Deep  blue,  or 
Pruffian  blue. 

Solution 

Deliquef.  cryftals. 

Indiredt  ? - 

Qu. 

Gelatinous  folution  by 
■ accefs  of  air. 

Brown  molybdenic  pre- 
cipitate from  mar. 
acid. 
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Component  Parts. 

Vegetable  alkali. 

Mineral  alkali. 

Volatile  alkali. 

Vitriolic  acid. 

Sulphureous  acid. 

Calx  of  Znc. 

In  the  dry  way  ? 

In  the  humid  way  fpar 
ing  folution. 

Indirect  ? 

As  the  vegetable  alkali. 

Sparing  lolution. 

Solution  in  diluted  acid. 
White  cryftals. 

Soluble  in  z p.  water. 

35  metal  ? 

3Z  acid  ? 

33  water? 

Qu. 

Calx  of  Manganefe. 

In  the  dry  way  folution 
of  the  calx. 

Blue  or  green  colour. 
Pellucid  when  lefs  cal- 
cined in  the  mixture. 

As  the  t eg.  alk.  ? 

Qu. 

Solution  of  the  metal. 

Moft  efieftual  with  dilu- 
tion. 

Cryftals. 

If  too  much  calcined  in- 
fol.  unlefs  inflam,  mat- 
ter be  added. 

Solution  as  with  vitriolic 
‘ acid  and  inflam,  mat- 
' ter. 

Calx  of  Nickel. 

Sparing  folution,  yellow. 

As  the  vegetable  alkali  ? 

Blue  folution. 

Solution  of  the  calx. 
Green  cryftals. 

Qu. 

Calx  of  Bifmuth. 

Qu. 

Qu. 

Qu. 

Calcination  and  folu- 
tion. 

Qu. 

Calx  of  Antimony. 

Dry  combirv.  ? ? 

Dry  combin.  ? ? 

Qu. 

Calcination  and  folu-  1 
tion. 

Not  cryftalliz. 

Qu. 

Calx  of  Sobalt. 

Dry  combin.  ? 

In  the  humid  way  fpar- 
ing  folut.  ? 

Solution  of  precipitate 
from  nitr.  acid. 

As  the  veg.  alk  ? 

Qu. 

Difficult  folution. 
Cryftals. 

Qu. 

Calx  of  Arfenic. 

Combin.  with  the  calx. 
Gelatinous,  d'eliquef. 

Combin.  with  the  calx, 
pryftal. 

QUr 

solution  by  heat.  1 

But  total  feparation  of 
calx  by  cooling. 

3u. 

Calx  of  Molybdena. 

Combination  when  acid- 
ified. _ 

Small  cryftals. 

As  the  vegetable  alkali  ? 

Combination  ? • 

! 

Solution  of  the  acid.  ( 

Becomes  thick  and  blue 
by  cooling. 

Qu. 

Calx  of  Wolfram, 

Combination  with  the 
calx. 

Combination  with  the 
calx. 

Combination  with  the  1 
calx. 

Cryftals. 

Decompof.  by  heat. 

Mo  aftion.  ! 

Mo  aft  ion  ? 
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Nitrous  acid. 

Marine  acid. 

Aerated  marine  acid. 

Nitro-muriatic  acid. 

Phofphoric  acid. 

Aerial  acid  or  fixed  air. 

Rapid  combination  with 
diluted  acid. 

Cryftals. 

Deliquef. 

Rapid  folution. 
No  cryftals. 

Qu. 

Qu. 

Fetid  gum-like  folution. 
Not  cryftalliz.  but  by 
evap.  and  fufion  forms 
tranfparent  glafs. 

Solution. 

Indiredt  comb,  or  precip. 
Dull  white. 

Solution  with  the  lead- 
ing phenomena  as  in 
vitr.  acid. 

No  cryftals  ? ? 

Solution  of  the  metal. 
Alfo  the  calx  with  efcape 
of  aerated  marine  acid. 
Cryftals ; Deliquef  ? 

Solution  as  of  the  calx  in 
marine  acid. 

Solution. 

Slow  folution  of  the  calx. 

Indiredt  combin.  by  mi- 
drccof.  fait  to  an  acid 
folution. 

Solution. 
White  pellicle. 

Solution. 

Green  deliquef.  cryftals.; 

Solution. 

Green  deliquef.  cryftals. 

Solution  r 

Solution  ? 

Very  fparing  action. 

Indiredt  combin.  by  dou- 
ble affinity. 

Greenifh. 

Very  rapid  folution. 
Cryftals,  efflorefc. 

Water  abftradts  the  acid 
and  throws  down  a 
white  calx  ; 

Magiftery  of  bifmuth. 

Solution  by  repeated  ab- 
ftraftion. 

Deliquefcent  cryftals,  or 
butter  of  bifmuth. 

Qu. 

Qu. 

Solution. 

Indiredt. 
White  precip. 

Strong  adlion. 
Calcination  and  folution. 
Deliquef.  cryftals. 

VVeak  adlion.. 
Solution. 

Deliquef.  cryftals. 

As  the  mtro-munatic  ? 

Rapid  folution. 
Deliquef.  cryftals. 

Qu. 

Indiredt  i 

Solution. 

Deliquef.  cryftals. 

Solution  of  the  metal  and 
of  the  calx. 

Reddifh  brown,'  but  green 
while  hot. 

Deliquef.  cryftals. 

As  the  nitro-muriatic  ? 

Solution. 

Green  while  heated. 
Sympathetic  ink. 

Solution  of  calx. 

Indiredt  combin.  or  pre- 
cip. 

Greenifh  pale  red. 

Solution  ; calcination,1 
acidification,  accord, 
ing  to  quantities,  cir- 
cumftances  and  ma- 
nagement. 

Solution  of  regulus  ? ? 

Acidification  ? 

Solution  of  calx. 

Solution  of  calx. 

Indiredt  combin.  or  pre- 
cip. ? ? 

Acidifies  the  metal,  but 
does  not  diftolve  the 
acid. 

Solution  of  the  acid. 

Qu. 

Qu. 

Qu. 

Qu. 

No  adlion  ? 

Triple  compound  with 
excefs  of  acid,  and  a, 
portion  of  alkali ; 

Acid  of  tungften  fo  called. 

Infoluble. 

Qu. 

Qu. 

Qu. 

Qu. 
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Component  Parts. 

Acid  of  Borax. 

Acid  of  Fluor. 

Acid  of  Amber. 

Apetous  Acid. 

Acid  of  Tartar. 

Calx  of  Zinc. 

i.ight  green  flag  by  fufion 
with  the  cals. 

Turbid  folution. 
cryftalliz.  ? 

Strong  adlion  on  the  me 
tal  and  its  calces, 
Cryftais  > 

Ready  folution  of  the 
metal. 

Solution  of  precip. 
Cryftalliz. 

Solution. 

Magma. 

Cryftalliz.  after  dilution. 

By  heat  flight  fulmini- 
tion  ; blue  flame;  de- 
compof.  of  acid. 

■veauy  folu'ion. 

Salt  ot  (paring  folubility. 

Calx  of  Mangancfe. 

Qu. 

Salt  of  difficult  folution 
which  impedes  the 
progrefs  of  the  acid. 

Indirect  combination  by 
fluoraied  vol.  alk.  and 
acid  folut. 

Qu. 

Very  difficult  folut.on. 
Delicjuef.  fait. 

Solution. 

If  heated  decompof.  of 
part  of  the  acid  with 
effervef! 

Cryftal. 

Calx  of  Nic  kel. 

Qu. 

Gelatinous  folution  of 
calx. 

Green  cryftais. 

Combination  and  partial 
decompofitisn  of  the 
acid. 

Solution. 

Green  cryftais. 

Qu. 

Calx  ot  Bilmuth. 

Wliite  tranfparent  glals 
by  fufion  of  the  humid 
compound. 

No  direft  humid  aftion, 
but  borax  gives  a white 
powder  from  the  fol. 
in  mixt.  of  vit.  and 
marine  acids. 

No  adtion  on  the  metal. 
Solution  of  calx. 

No  cryftais,  but  a powder 
feparated. 

Solution  of  the  metal 
with  heat. 

Solution  of  precip. 
Cryftalliz. 

Bitter  acrid  folution. 
Not  cryftalliz. 

Cryftalline  precipitate 
from  nitrous  folution. 

Calx  of  Antimony. 

Qu.  dry  way. 

Precip.  by  borax  from 
the  reguline  folution 
' is  foluble  by  this  acid. 

No  aftion. 

Little  adtion  on  the  me- 
tal. 

Solution  of  precip. 

Very  fparing  folution. 

No  adtion  on  the  metal. 
Solution  of  calces. 

Calx  of  Cobalt. 

Impertedl  combin.  by 
fufion. 

Precip.  from  acid  by  bo- 
rax. 

No  a£fi®n  on  the  metal. 
Solution  of  calx. 

Qu. 

Pale  role- coloured  folu- 
tion. 

Cryftalliz.  ? 

Qu. 

Calx  of  Arfenic. 

Combination  with  the 
calx  either  in  the  hu- 
mid or  dry  way. 
Soluble  in  water. 
Cryftallizable. 

Solution  of  calx. 
Small  cryftais. 

Qu. 

Regulus-not  (ol. 

Calx  (oluble  with  h'eat. 
Decompofition  or  change 
in  the  acid  ? 

Qu. 

Calx  of  Moiybdena. 

Qu. 

Qu. 

Qu. 

No  aftion  f 

Qu. 

Calx  of  Wolfram. 

Qu. 

Qu. 

Qu. 

Change  of  colour  in  the 
calx  to  blue. 

No  folution  f 

Qu. 
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Empyreumatic  Acid 
of  Tartar. 

Acid  of  Sugar. 

Acid  of  Galls. 

Acid  of  Lemons 

Acid  of  Apples. 

Acid  of  Benzoin. 

Qu. 

Combination  with  violent 
effervefcence. 

White  powder,  infol.  in 
water  unlefs  acid  in 
excefs. 

3 meta!. 

1 acid. 

Precip.  from  vitr.  nitr. 
and  mar.  acid. 

No  action  on  the  metal  ? 
No  precip.  from  folution 
in  an  acid. 

Solution. 

Fine  cryftals. 

Solution. 

Fine  cryftals. 

Qu. 

Solution. 

White  pulverulent  pre- 
cip. unlefs  acid  in  ex- 
cefs. 

Precipitates  cryftals  from 
vitr.  nitr.  or  mar.  fo- 
lutions. 

No  adtion,  or  precipitate 
from  acid. 

Solution  with  partial  de-j 
compof.  of  the  acid  if 
heated. 

Qu. 

Decompcdition  with  calx? 

Qu. 

Qu. 

Greenifh  combination. 
Nearly  infoluble. 

: metal. 
t acid. 

Precipitates  from  vitr. 
nitr.  and  mar.  folu- 
tions. 

Qu. 

Qu. 

Qu. 

Qu. 

Qu. 

Corrofion  of  the  metal ; 
Solution  of  the  calx. 
White  powdery  fait,  near- 
i ly  infolub. 

1 metal. 

[ acid. 

Precip.  cryftals  from  nitr. 
folution. 

Orange  yellow  precipi- 
tate from  an  acid  folu- 
tion. 

Qu. 

Qu. 

Qu'. 

Qu. 

Slow  folution  withcxcefs 
of  acid. 

Cryftalline  grains  fcarce 
foluble. 

Precip.  from  acetous  and 
vitr.  folutions. 

Qu. 

Qu. 

Qu. 

Qu. 

Qu. 

Solution. 

Rofe-coloured  powder  if 
neutral,  fcarce  foluble 
Cryftals  with  much  ex- 
cefs of  acid  ; eafily  fol, 
Precipitate  of  the  rofe- 
coloured  powder  from 
every  known  acid. 

No  adlion,  nor  precip. 
from  acid  folution. 

Qu. 

Qu. 

Qu. 

Qu. 

Solution  of  white  calx. 

Cryftals  with  excefs  of 
acid ; foluble  in  water; 
and  in  ar.  fp.  ? ? 

Sublimed  by  gentle  heat, 
decompofed  by  ftrong- 
er. 

No  adtion  nor  precip. 

Qu. 

Qu. 

«, 

Qu. 

Qu. 

Indiredt  combination  or 
precipitate  from  the 
marine  folution. 

Dark  brown. 

ThTs  was  with  the  infu- 
fion. 

With  the  acid  no  precip. 

Qu. 

Qu. 

Qu. 

Qu. 

Qu. 

Qu.. 

Qu. 

Qu- 
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TABLE  II.  CONTINUED.  Compounds  conjijling  in 


Component  parts . 

Empyreumatic  acid  of 
wood. 

Empyreumatic  acid  of 
fugar. 

Acid  of  camphor. 

Acid  of  milk. 

Acid  of  fugar  of  milk. 

Calx  of  xinc. 

Solution. 

Gryftailix..? 

Metal  partly  dilfolved; 
Greenifh ; partly  cal- 
cined ; greyilh. 

Solution. 

Solution.- 

Cryftals. 

Precip.  by  double  affin. 
Infoluble. 

Pals  of  manganefe. 

Solution,  with  partial  de- 
compof.  of  acid  ? ? 

Qu. 

Qu.  folution. 

Qu. 

Precip.  by  double  affin. 
Infoluble. 

Calx  of  nickel. 

Qa- 

Qu. 

Qu. 

Qu. 

Precip.  by  double  athn. 
Infoluble. 

Calx  of  bilmuih. 

Qu, 

Qu'. 

Solution. 

Noadlion.  .. 

Precip.  by  double  affin. 
Infoluble. 

Calx  or  antimony. 

Qo; 

Greenifh  folution. 

Qu. 

No  adtion. 

Precip.  by  double  affin. 
Infoluble. 

Calx  of  cobalt. 

Qu. 

Qu. 

Solution. 

No  aftion. 

Precip.  by  double  affin. 
Infoluble. 

Calx  of  arl'enic. 

Qu. 

Qu. 

Solution. 

Of  the  regulus  ? 

Qu. 

Precip . by  double  affin. 
Infoluble. 

Calx  of  molybdena. 

Qu. 

Qu. 

Qu. 

Qu. 

Precip.  by  double  affin. 
Infoluble . 

Calx  of  wolfram. 

Qu. 

■ 

Qu. 

Qu. 

Qu. 

Precip.  by  double  affin. 
Infoluble. 
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Acid  of  ants. 

Pruflian  acid. 

Acid  of  fat. 

Acid  of  the  (tone  of  the 
bladder. 

Acid  of  filk-worms. 

Metallic  acids. 

Confiderable  action  anc 
folution. 

■ Cryftals. 

Indiredt  combination  o 
precipitate  from  ni- 
trous acid. 

Reddilh  yellow,  becomes 
whitilb. 

Copious  folution. 

Indiredt  combin.  ? 

jQu. 

Arlenical  folution  of  the 
metal. 

Infoluble  combination  de- 
. fends  the  refidue. 

In  the  dry  way  combina- 
tion and  explofion. 
Indiredt  combination  hu- 
mid. 

Qu. 

Indiredt  combin.  or  pre- 
cipitate. 

Dirty  blueilh  gray. 

Copious  folution. 

Indiredt  combin.  ? 

Qu. 

Arlenical  folution. 
Cryftals. 

Indiredt  arfenical  combin. 
by  double  affinity. 

Green  folution  of  the 
calx. 

Deep  green  cryftals  ; he- 
mifpherical  radiated ; 
fcarcely  foluble  in  wa- 
ter unlefs  an  acid  be 
prefent. 

Indiredt  combination  01 
precipitate  from  ni- 
trous acid. 

Dirty  reddilh  yellow. 

No  diredt  adtion. 
Solution  of  precip. 

Indiredt  combin.  ? 

Qu. 

Very  flight  diredt  adtion 
by  arfenical  acid. 
Indiredt  combination  by 
double  affinity.  ' < 

Solution  of  the  calx. 
Cryftals. 

Indiretffc  combination  or 
precipitate  from  ni- 
trous acid. 

Reddtfh  yellow. 

No  adtion  on  metal. 
Solution  of  precip. 

Indiredt  combin.  f 

Qu. 

Arlenical  folution  pre- 
cipi  table -by  water. 

In  the  dry  way  calcina- 
tion : 

But  not  folution. 

Indiredt  combin.  humid.  , 

Solution  of  the  calx  ? 

Indirect  combination  or 
precipitate. 

Blue  ; eaftly  diflblved  by 
[ excefs. 

Green. 

Solution  by  heat. 
Permanent  cryftals. 

Indiredt  combin. J 

Qu. 

Arfenical  combination. 
Calcination  and  folution 
precipitable  by  water. 
In  the  dry  way  combina- 
tion with  inflam. 

Solution  of  the  calx. 

indirect  combination  or 
precipitate  from  ni- 
, trous  acid. 

Blue;  more  gray  than 
that  of  iron. 

No  adtion  on  metal. 
Precip.  diflblved. 

Indiredt  combin.  ? 

Qu. 

Sparing  ai  fenical  folution. 
Rofe-  colour. 

Indiredt  combinations. 

Solution  of  the  calx. 

Indiredt  combination  or 
precipitate  from  ma- 
rine acid  or  aqua  regia. 
Green  and  yellow  mixt. 

Copious  folution  of  the 
white  calx. 

Cryftals. 

Indirect  combin.  ? 

Qu. 

Qu. 

Indiredt  combination  or 
precipitate  from  the 
marine  folution. 
Brown. 

No  adtion. 

Indiredt  combin.  > 1 

Qu. 

Qu. 

Qu.  1 

Mo  precipitate  from  the 
nitrous  or  acetous  folu- 
' tion. 

Qu. 

Indiredt  combin.  i 

Qu. 

Qu. 
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T A B I E 111.  Compounds  of  certain  Products  of  Organization. 


Component  Parts. 

Fixed  Alkalis. 

Volatile  Alkali. 

Acids. 

Ardent  Spirit. 

Sulphur  and  Phofphorus. 

Gum. 

Sol.  in  water  ; afford  oil 
when  diftilled  with  al- 
kali. 

Turns  four  and  putrefies. 

Deftroyed  bv  tire ; but 
fearcely  inflam. 

1'oagulate  the  aqueous. 

folution. 

So  combine  ? 

As  fixed  alkali  ? 

Wrth  nitrous  acid  by  ab-  1 
ftradiou  affords  acid  of  1 
fugar.  1 

nfolubie.  1 

Precipitable  from  water. 
Jnchanged  ? 

14m 

bat  oils. 

Infol-  in  water. 

Do  not  rife  by  the  water 
bath. 

Inflam.  when  boiling. 
Under  thefe  clafs  wax  ? 
Spermaceti  ? Caout- 
ehouc  ? ? 

Soap. 

)iftufible  in  water  and 
feparable  on  the  filtre  r 
Soluble  in  ar.  fp. 
dejvier  than  oil  and  dif- 
ficultly burned. 

Imperfect;  foap. 

Decompofition  of  both  > 
and  partial  combina- 
tion. 

Infoluble. 

Solution. 

Balfaui  of  fulphur. 

Volatile  oils. 

Infol.  in  water. 

Rife  in  diftill.  on  the 
water  bath. 
Inflammable. 

Under  thefe  aroma  or  fp. 
reftor  ? ? camphor?  ? 

Refins. 

Infol.  in  waetr. 
Decompofcd  in  diftill. 
Very  combuftible. 

Moftly  foluble  in  fat  oil. 
Under  thefe  lac  ? 

imperfeft  foap. 

ImperieCit  loap. 

Imperfedl  combin.  if 
weak. 

Combuftion  with  ftrong 
nitrous  acid. 

Solution. 

Solution. 

Soap. 

Soap  ? 

More  or  lefs  of  combuf- 
tion, or  an  equivalent 
procefs. 

Solution. 

Coinbiuation  ? 

Starch. 

Not  foluble  in  cokl  water, 
but  combinable  with 
heat. 

More  inflammable  than 
gum. 

Qu. 

Qu. 

With  nitrous  acid  ab- 
(traded. 

Acid  of  fugar. 

Qi- 

Qu. 

Sugar. 

Very  foluble  in  water, 
cryftallixes  by  cooling 
Combuftible. 

Solution  ? ? 

Solution. 

Solution.  1 

With  nitrous  acid  abft. 
Acid  of  fugar. 

iln  12  parts  heated. 
Very  fparingly  cold. 

Qu. 

t 

Vegetable  gluten. 

Abforbs  water  and  is  then 
infoluble  in  it. 

Small  mafles  dry  and  be- 
come brittle,  larger 
putrefy. 

Burns  like  animal  mat- 
ters. 

Solution  by  heat  precipi- 
table  by  acids. 

As  fixed  alkali  ? 

Solution  with  decompo- 
fition. 

By  abft  raft  ion  of  nitrous 
acid. 

Acid  of  fugar. 

No  Aftion  ? 

Extradts  the  water  ? 

Qu. 

Animal  mucilage  orglpe. 

Soluble  in  water,  fluid 
when  hot,  thick  and 
adhefive  when  cold, 
may  be  boiled  without 
alteration. 

Solution. 

With  decompof.? 

Solution  ? 

With  decompof. 

Solution. 

With  decompof. 

No  action  ? 

Precij  itates  from  water  ? 

Qu. 

(Serum. 

Soluble  or  diffufible  it 
cold  water.  • 

Coagulates  and  become 
infoluble  by  heat  o 
167°  Fahrenheit. 

Said  not  to  differ  fron 
£ curd  and  white  of  egg. 

Solution  and  greater  flu- 
1 ' idity. 

Qu.  decompofition  ? 
s 
f 

l 

. Solution. 

Coagulation  > 

Not  foluble  in  water. 

Coagulation. 

Soluble  in  water. 

Qu. 

C 1095  ) 


TABLE  of  the  Corrtfpondence-  of  the  Thermometers  of " Fahrenheit',  Reaumur,  and  Cefius. 


Fahr. 

Reaum. 

Celfi. 

Fahr. 

Reaum. 

Celfi. 

Fahr. 

Reaum. 

Celfi. 

Fahr. 

Rea  um. 

Celfi. 

212 

80.0 

IOO 

159 

56  4 

70-5 

106 

32.8 

41* 1 

53 

9-3 

1 1.6 

2 1 I 

79-5 

99.4 

I58 

56 

70 

105 

32-4 

40.5 

52 

8-8 

I I.I 

210 

79-1 

98.8 

*57 

55.5 

69.4 

IO4 

32 

40 

51 

8 4 

10.5 

209 

78.6 

98-3 

1 56 

55*J 

68.8 

IO3 

3*-5 

39  4 

50 

8 

10 

208 

78.2 

97-7 

i55 

54  6 

68  3 

102 

31.6 

388 

49 

7-5 

9 4 

207 

77*7 

97.2 

154 

542 

67  7 

IOI 

30.6 

38-3 

48 

1'} 

8.8 

206 

77-3 

96,6 

*53 

53  7 

67  2 

IOO 

30.2 

37-7 

47 

6-6 

8-3 

20  5 

76.8 

96.1 

152 

53  3 

66  6 

99 

297 

37-2 

46 

6-2 

77 

204 

76.4 

95-5 

!5i 

52.8 

6:.  1 

98 

29  3 

36  6 

45 

57 

7.2 

203. 

76 

95 

150 

52.4 

65  5 

97 

28.8 

36-i 

44 

5-3 

66 

202 

75.5 

94.4 

149 

52 

65 

96 

28.4 

35-5 

43 

48 

6.1 

201 

75  -1 

93.8 

148 

51  5 

64.4 

95 

28 

35 

42 

, 44 

5 5 

200 

74-6 

93.3 

147 

51  1 

■38 

94 

27  5 

34  4 

4i 

4 

5 

199 

74-2 

92.7 

146 

50  6 

633 

93 

27. 1 

33  8 

40 

3-5 

44 

I98. 

73*7 

92  2 

H5 

50.2 

62.7 

92 

266 

33  3 

39 

3-i 

38 

I97 

73  3 

91.6 

144 

49  7 

62  2 

91 

26.2 

32.7 

38 

2 6 

3-3 

196 

72.0 

91.1 

143 

49-3 

61.6 

90 

25-7 

32  2 

37 

2 

2-7 

*95 

72  4 

9°.5 

142 

48.8 

61. i 

89 

25  3 

31.6 

36 

*7 

2.2 

194 

72 

90 

141 

48.4 

60  5 

88 

24  8 

3 1,1 

35 

1 3 

1.6 

J93 

7I-5 

89  4 

140 

48 

60 

87 

24.4 

30-5 

34 

0.8 

1.1 

192 

71.1 

88.8 

J39 

47-5 

59-4 

86 

24 

3° 

33 

°4 

0 5 

19* 

70  6 

88.3 

138 

47., 

58.8 

85 

23.5 

29  4 

32 

0 

0 

1 0 

70  2 

87  7 

J37 

46.6 

58-3 

84 

23.1 

28.8 

3i 

0.4 

0.5 

1 89 

69  7 

S7  2 

136 

46  2 

57  7 

83 

22.6 

28  3 

30' 

08 

1.1 

188 

69  3 

86  6 

1 35 

45-7 

57-2 

82 

22  2 

2 7 7 

29 

J*3 

1.6 

1 87 

68  8 

86  1 

*34 

45-3 

566 

81 

21  7 

27  2 

28 

I-7 

2.2 

186 

68  4 

85  5 

I33 

44.8 

56.1 

80 

21  ^ 

26  6 

27 

2.2 

2 7 

i80 

68 

85 

132 

44.4 

55-5 

79 

20.8 

26  1 

26 

26 

3-3 

1 84 

^7*5 

84  4 

131 

44 

[55 

78 

20  4 

2 5-5 

25 

3 1 

38 

183 

67-i 

83  8 

130 

43  5 

'54  4 

77 

20 

25 

24 

35 

44 

182 

66  6 

833 

129 

43- 1 

53  8 

76 

*9  5 

244 

23 

4 

5 

181 

66.2 

82.7 

128 

42.6 

53-3 

75 

19.1 

23.8 

22 

44 

5-5 

180 

65-7 

82.2 

127 

42  2 

52-7 

74 

18.6 

23-3 

21 

4*8 

6. 1 

1 79 

653 

81.6 

126 

41.7 

52.2 

73 

18.2 

l22-7 

20 

5*3 

6.6 

*78 

64  8 

81. 1 

125 

4i  3 

51.6 

72 

17.7  22.2 

19 

57 

7.2 

1 77 

64.4 

80.5 

124 

40  8 

5i  1 

7i 

17.3I21.6 

18 

62 

77 

i76 

64 

80 

- 123 

40  4 

5P-5 

70 

16.8 

21. 1 

17 

6-6 

8-3 

1 75 

^•5 

,9  4 

1 22 

40 

50 

69 

16.4 

20.5 

16 

7 4 

8 8 

174 

63  1 

78.8 

121 

39  5 

494 

68 

16 

20 

45 

7-5 

94 

J7i 

62  6 

783 

120 

39  1 

48.8 

67 

J5*5 

194 

14 

8 

10 

172 

62.2 

77 -7 

“9 

386 

48.3 

66 

15.1 

18.8 

i3 

84 

10.5 

171 

6^7 

77  2 

118 

38  2 

47-7 

65 

14,6 

18.3 

i 2 

8.8 

111 

170 

^•3 

76  6 

1 *7 

37-7 

47-2' 

64 

14.2 

17.7 

ii 

9-3 

1 1 6 

1 69 

60,8 

76.1 

116 

37  3 

46.6 

63 

*37 

17.2 

lO 

9-7 

12-2 

168 

60.4 

75-5 

1 *5 

36.8 

46.1 

62 

*3  3 

16.6 

9 

J0.2 

127 

167 

60 

75 

144 

36-4 

455 

61 

12-8 

16  1 

8 

*o.6 

13-3 

1 66 

59.5 

744 

413 

36 

45 

60 

12  4 

154 

7 

I I-I 

13  8 

165 

59.i 

73-8 

1 12 

■ 35  5 

44-4  ' 

59 

12 

*5 

6 

1 !-5 

144 

164 

58.6 

73-3 

1 1 1 

35-i 

43-8 

58 

II. 5 

14.4 

5 

12 

i5 

163 

58.2 

72.7 

1 10 

34  6 

43  3 

57 

I I.I 

13.8 

4 

I24 

15  5 

162 

57.7 

72  2 

109 

34.2 

42,7 

56 

10.6 

13-3 

3 

12.8 

16. 1 

161 

57-3 

71.6 

108 

33-7 

42, 2 

55 

10.2 

12.7 

2 

*3-3 

16.6 

160 

56.8 

71  1 

107 

33-3 

41.6 

'54 

9.7 1 12  2 

1 

*37 

17  2 
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ADDITIONS. 


mu  a aa  t » 

Acid  of  Tartar , Empyreumatic. 

ACID  OF  TARTAR,  EMPYREUMATIC.  By  the  diftillation  of  cream 
of  tartar,  an  aqueous  acid  is  afforded,  which  has  been  called  fpirit  of 
Tartar.  It  has  a very  pungent  fmell,  and  cannot  eafdy  be  rectified  a fecond  time 
<on  account  of  the  fudden  produ&ion  of  elaftic  fluid,  which  burfts  the  veffels. 
Its  combinations  have  been  little  inquired  into.  It  forms  with  the  fixed  alkalis 
cryflallizable  falts,  which  are  foluble  in  cold  water. 

Charcoal . 

CHARCOAL.  I.  The  firft  analytical  experiments  in  proof  of  the  decompo- 
sition of  fixed  air  were  made  by  Mr.  Tennant,  and  are  inferted  in  the  eighty-firfl 
volume  of  the  Philofophical  TranfaCtions.  He  applied  phofphorus  to  red  hot 
marble,  and  obtained  charcoal,  phofphoric  acid,  and  lime.  Dr.  Pearfon,  in 
Part  II.  of  the  TranfaCtions  for  1792,  makes  fome  judicious  obfervations  on  the 
aCtion  of  the  affinities  in  this  experiment,  which  led  feveral  chemifts  to  fufpeCt, 
that  the  fmall  quantity  of  charcoal  might  have  pre-exifted  in  the  phofphorus, 
which  is  in  faCt  obtained  by  diftillation  with  that  fubftance.  And  for  this  reafon 
he  made  experiments,  by  heating  phofphorus  in  contaCt  with  other  fubftances. 
The  mild  foffil  alkali,  cleared  of  its  water  of  cryftallization  by  previous  heat- 
ing, was  in  the  quantity  of  eight  hundred  grains  prefled  down  upon  two 
hundred  grains  of  tranfparent  phofphorus,  in  a thick  white  glafs  tube,  about 
one  inch  in  diameter,  and  three  feet  and  a half  long,  coated  at  the  part  con- 
taining the  alkali.  Heat  fufficient  to  foften  the  tube  was  then  applied  to  the 
coated  part,  and  in  this  {late  the  end  containing  the  phofphorus  was  gradually 
drawn  over  the  fire  and  kept  ignited  for  twenty  minutes.  By  the  fublimation  of 
the  phofphorus,  and  its  contaCt  with  the  ignited  fait,  part  of  the  carbonic  acid,  or 
fixed  air,  was  decompofed  and  deprived  of  its  vital  air,  leaving  charcoal,  its  other 
component  parr,  behind.  Of  this,  by  folution  and  filtration,  he  obtained  32,4 
grains,  which  he  examined  by  combuftion,  by  deflagration  with  nitre,  by 
reduction  of  lead,  and  by  the  diftillation  of  phofphorus  from  its  acid.  It  was 
indubitably  charcoal.  Very  fatisfaCtory  examinations  were  alfo  made  by  the 
DoCtor  of  every  one  of  the  other  produCls  and  refidues,  which  fhewed  that  tfie 
carbonic  acid  had  been  truly  decompofed. 

Similar  experiments  were  made  by  the  application  of  phofphorus  to  mild 
•vegetable  alkali,  and  alfo  to  the  calcareous,  ponderous,  magnefian,  and  ar- 
gillaceous earths.  The  DoCtor  does  not  give  the  detail  of  the  refults,  or 
indeed  fpeak  with  precifion  of  the  quantities  of  the  produCts  5 but  he  thinks 
the  conclufion  may  be  admitted,  that  the  carbonic  acid,  combined  with  any  of 
thefe  fubftances,  will  be  decompofed  at  a due  degree  of  heat.  Pie  could  not 
decompofe  it  with  the  volatile  alkali ; neither  in  faCt  could  this  be  expeCfed,  from 
the  known  circumftance,  that  charcoal  itfelf  feparates  the  phofphoric  acid  frgm 
that  body. 
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Phofphorus  applied  in  Dr.  Pearfon’s  method  to  quick-lime  afforded  no  char- 
coal, but  an  hepatic  compound,  explofive  by  a gentle  heat,  which  emitted  bub- 
bles of  phofphoric  air  when  thrown  into  cold  water,  and  thefe  exploded  as  ufual 
when  they  arrived  in  contact  with  the  air  of  the  atmofphere.  Neither  did  cauftic 
alkali  afford  charcoal,  except  a minute  quantity  arifing  from  the  carbonic  acid, 
of  which  that  alkali  cannot  be  totally  cleared.  The  vitriolic  and  marine  com- 
binations with  the  fixed  alkalis  did  not  afford  any  charcoal. 

II.  The abforption  of  elaftic  fluids,  flightly  mentioned  under  the  Article  Char- 
coal, is  a fingular  faft  very  difficult  to  be  accounted  for.  The  fluids  feem  to  be 
merely  condenfed,  and  not  combined.  Does  the  charcoal  abforb  that  heat  which 
before  maintained  the  elaftic  ftate  ? 

This  difcovery,  firft  made  by  the  Abbe  Fontana,  was  afterwards  purfued  and' 
extended  by  various  other  eminent  chemifts.  The  Count  Morozzo,  in  the  Jour- 
nal de  Phyfique  for  April  1783,  relates  a feries  of  experiments  made  to  ascer- 
tain the  quantities  of  air  thus  abforbed  by  equal  volumes  of  charcoal  paffed  into 
a tube  containing  the  elaftic  fluid  over  mercury.  The  ignited  coal  was  plunged 


cury  was  12  inches.  The  abforptions  are 

exprefled  in  inches 

and  lines. 
In.  L 

Of  atmofpheric  air  abforbed 

— 

— 

3 6 

Fixed  — 

_ 

— ' 

11  0 

Alkaline  — • 

— 

— 

8 8 

Nitrous  — - 

— 

— 

6 10 

Inflammable  — 

— 

— 

2 1 

Vital  from  red  precipitate 

— 

— 

2 2 

from  nitre  — 

— 

— 

1 11 

— — — from  water  ° — 

— 

— 

2 1 

Atmofpheric  air  vitiated 

By  the  combuftion  of  a taper 
of  fulphur 


By  the  mutual  adion  of  fulphur  and  iron  filings  I ^ 

moiftened  — — J 3 

By  the  refpiration  of  fmall  animals  — — 3 4 

III.  Mr.  Lowitz  and  after  him  other  chemifts  have  obferved  a remarka- 
ble property  in  charcoal,  by  which  it  purifies  various  mucilaginous  faline  and 
other  bodies.  This  is  amply  fhewn  under  the  article  Vinegar.  The  follow- 
ing general  paper  is  extraded,  with  very  little  abridgment,  from  the  fecond 
volume  of  the  Englifh  Tranflation  of  Crell’s  Journal. 

1.  Common  vinegar  when  boiled  in  a matrafs  with  charcoal  powder  becomes 
perfedly  limpid.  2.  Terra  foliata  tartari  could  never  be  rendered  white  with 
this  colourlefs  vinegar;  but,  to  effed  this,  vinegar  that  has  been  previoufly  diftilled 
muft  be  ufed.  3.  When  honey  diluted  with  water  is  boiled  with  charcoal 
powder,  a very  unpleafant  fmell  is  produced.  4.  When  the  necefiary  quantity 
of  charcoal  powder  is  added  to  hydromel,  the  liquor  runs  through  the  filter  as 
clear  as  water.  5.  The  refiduous  charcoal  powder,  when  lixiviated  with  a large 
quantity  of  water,  renders  the  water  of  a femi-pellucid  black  colour.  6.  Jf  this 
black  water  be  evaporated,  the  black  matter  will  be  depofited  bn  the  fides  of  the 
vefiel  in  the  form  of  a very  foft  and  unduous  powder.  7.  An  ounce  of  gum 
arabic  boiled  with  30  lbs.  of  charcoal  powder  and  fufficient  water,  was  entirely 
loft  in  the  procefs,  either  by  decompofition  or  abforption.  8.  Fluids  which 
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contain  either  vegetable  mucilage  or  animal  gluten,  will  not  run  clear  through 
the  filter  without  the  addition  of  charcoal  powder.  9.  Beer,  milk,  and  lemon- 
juice,  when  diluted  with  a prodigious  quantity  of  water,  and  mixed  with  a fuffi- 
cient  quantity  of  charcoal  powder,  remain  of  a turbid  black  colour.  10.  Hence 
it  follows,  that  the  charcoal  powder  may  be  advantageoufiy  ufed  in  the  reparation 
of  oily,  gummy,  mucous  or  gelatinous  matter.  1 1.  The  charcoal  powder  which 
remained  after  the  purification  of  a mother-ley  of  phlogifticated  alkali  rendered 
the  water  with  which  it  was  lixiviated  of  a beautiful  bright  green  colour.  12, 
Charcoal  powder  over  which  a very  empyreumatic  diftilied  vinegar  that  had 
been  concentrated  by  freezing  had  been  abftra&ed  till  the  charcoal  was  become 
dry,  difplayed  upon  itsfurface  all  the  colours  of  a peacock’s  tail.  13.  Charcoal 
powder  over  which  fome  common  vinegar  that  had  been  frozen  had  been  dif- 
tilled  with  a ftrong  heat,  when  mixed  with  water,  ran  over  the  Tides  of  the  glafs 
.jar  in  which  the  mixture  was  made,  with  a thick  froth.  14.  Glafs  veffels  and 
other  utenfils  may  be  purified  from  long  retained  fmells,  by  rinfing  them  out 
well  with  charcoal  powder.  15.  Honey  perfectly  pure  may  be  obtained  from 
the  fcum  of  clarified  honey,  by  diluting  it  with  water,  and  adding  to  it.  while 
upon  the  fire  a proper  quantity  of  charcoal  powder.  16.  Charcoal  has  no  effeCt 
upon  the.  bitter  tafte  of  fait  water.  1 7.  Salt  of  hartfhorn  is  rendered  uncommonly 
white,  when  triturated  with  an  equal  quantity  of  charcoal  powder,  and  put  into  a 
retort  for  diftillation  fo  as  to, fill  it  half  way  up.  18.  A large  quantity  of  acid  of 
tartar  treated  with  charcoal  powder,  was  brought  to  the  point  of  cryftallization  in 
feventeen  hours,  and  was  afterwards  found  to  be  perfectly  limpid  and  free  from 
empyreuma.  1 9.  Common  ardent  fpirit  purified  by  charcoal  without  diftillation,  is 
always  found  to  be  of  ablackifh  turbid  appearance,  when  too  little  of  the  powder 
is  added.  But  this  black  matter  may.be  inftantly  feparated  from  the  fpirit  by 
the  addition  of  a fufficient  quantity  of  dry  fait  of  tartar,  which  dephlegmates  the 
fpirit.  20.  When  three  pounds  of  oil  of  hartfhorn  were  mixed  with  two  pounds 
of  charcoal  powder,  and  put  into  a cucurbit,  a little  dark  brown  oil  afcended 
at  the  laft  part  of  the  procefs.  21.  When  no  charcoal  was  added,  the  operation 
was  finifhed  with  a gentle  heat  in  twelve  hours,  and  the  obtained  oil  was  not 
inferior  to  the  former  either  in  quantity  or  quality.  22.  The  extraordinary 
property  which  charcoal  poffefies  of  attracting  the  ftrongeft  part  of  vinegar,  and 
not  giving  it  out  in  diftillation,  has  been  already  noticed  in  the  article  Vinegar. 
23.  When  a glafs  funnel  was  filled  with  charcoal  coarfely  pounded  and  riddled, 
and  a few  pounds  of  the  black  concentrated  liquor  which  remains  after  the  diftil- 
lation of  Hoffman’s  anodyne  drops,  poured  upon  it,  this  black  acid  in  the 
courfe  of  two  months  was  rendered  perfectly  colourlefs.  24.  By  rubbing  and 
wafhing  out  the  mouth  and  teeth  thoroughly  with  fine  charcoal  powder,  the 
finell  of  bad  breath  may  be  remedied.  25.  Putrid  (linking  water  was  immedi- 
ately deprived  of  its  offenfive  fmell  by  means  of  charcoal  powder,  and  rendered 
tranfparent.  26.  When  the  acid  of  ants  was  mixed  with  charcoal  powder,  it 
■was  found  to  be  of  a dark  turbid  appearance,  and  did  not  begin  to  come  clear 
till  fix  months  had  elapfed.  27.  On  faturating  fix  pounds  of  the  fame  acid  or 
ants  with  purified  pot-afh,  it  was  conftantly  of  a dark  turbid  appearance,  and  yet 
it  ran  through  four  folds  of  blotting  paper  as  readily  as  pure  water.  28.  On 
diftilling  the  acid  of  ants  with  a great  quantity  of  charcoal  powder,  that  which 
came  over  towards  the  end  of  the  diftillation  was  of  a brown  colour  and  empyreu- 
matic. The  refiduum  contained  in  the  retort  was  ftrongly  caked  together,  and 
imparted  a very  deep  brown  colour  to  water.  29,  The  bad  fmell  of  putrid 
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urine  is  taken  away  by  mixing  charcoal  powder  with  it  while  boiling;  and  the 
refiduum  when  lixiviated  with  water,  affords  a liquor  as  clear  as  water,  and 
which  when  evaporated  to  the  point  of  cryftallization  was  fluid  enough  to  allow 
the  falts  which  it  contained  to  (hoot  into  beautiful  white  cryflals  of  cubical  and 
other  forms.  30.  Charcoal  powder  deprives  pure  alkali,  when  faturated  with  the 
colouring  matter  of  Pruflian  blue,  of  its  yellow  colour.  31.  Charcoal’  without 
the  afliftance  of  heat  rendered  a watery  folution  of  liver  of  fuiphur  colourlefs  and 
inodorous.  On  adding  oil  of  vitriol  to  the  folution,  precipitation  and  the  fmell  of 
hepatic  air  enfued  after  fome  hours  had  elapfed.  32.  A folution  of  liver  of  fuiphur 
deprived  of  its  colour  by  charcoal  when  evaporated  to  drynefs  yielded  a perfedlly 
white  faline  refiduum,  which  being  laid  upon  burning  charcoal  entered  into  a 
red  fufion,  without  fhewing  any  mark  of  fuiphur  : and  a folution  of  the  fame 
fubftance  evaporated  to  drynefs  without  charcoal,  gave  a blackilh  faline  refiduum, 
which  upon  being  laid  on  heated  charcoal  broke  out  into  a blue  flame,  and 
emitted  a ftrong  fulphureous  fmell.  33.  When  a fmall  quantity  of  a balfam 
of  fuiphur  prepared  with  fome  effential  oil,  is  diffolved  in  highly  redified  fpirit 
of  wine,  and  afterwards  mixed  with  charcoal  powder,  the  fmell  of  the  effential 
oil  alone  remains.  34.  Neither  the  watery  nor  fpirituous  folution  of  foap  is 
changed  by  treatment  with  charcoal.  35.  Camphor  and  its  odour  are  not  in 
the  lead  altered  by  charcoal ; yet  when  this  laft  is  added  to  a folution  of  unre- 
fined camphor  in  fpirit  of  wine,  it  deprives  the  fame  of  its  yellow  colour.  36. 
When  a fufficient  quantity  of  charcoal  is  added  to  a faturated  folution  of 
camphor  in  highly  redified  fpirit  of  wine,  the  camphor  will  fhoot  into  plumous 
cryflals,  which,  accordingly  as  the  weather  is  warmer  or  colder,  will  alternately 
disappear  and  re-appear.  37.  On  flrongly  boiling  cream  of  tartar  and  charcoal 
powder  with  water,  the  whole  of  the  cream  of  tartar  became  cryftallized  in  regu- 
lar, large,  flat,  tranfparent  cryflals,  entirely  different  in  their  figure  from  the 
common  cryflals  of  this  fait.  38.  In  the  above-mentioned  experiment  tarta- 
rifed  calcareous  fait  was  alfo  cryftallized  among  the  charcoal  powder,  in  the  form 
of  roundifh  tranfparent  polygons,  of  a remarkably  beautiful  golden  colour. 
39.  From  four  ounces  of  a very  brown  oily  fait  of  amber  well  triturated  with 
two  pounds  of  fine  charcoal  powder,  and  put  into  a large  retort,  not  quite  a dram 
of  fait  of  amber  was  colledled,  that  was  as  white  as  fnow  and  almoft  inodorous. 
This  fait  could  not  be  converted  jnto  acid  of  fugar.  40.  Flowers'  of  benzoin 
obtained  by  fublimation  are  rendered  uncommonly  white  and  Ihining  when 
treated  with  charcoal  powder.  Under  this  purifying  treatment  the  oil  of  ben- 
zoin comes  over  as  clear  and  colourlefs  as  water ; but  by  length  of  time  becomes 
yellow  again.  41.  Acid  of  apples  is  entirely  deflroyed  or  decompofed  by 
digeftion  with  charcoal,  fo  that  nothing  remains  but  mere  water,  with  a very 
little  extradive  matter  of  the  nature  of  a neutral  fait.  42.  Honey  when  boiled 
with  charcoal  after  the  feparation  of  the  charcoal  powder  recovers  the  brown 
colour  which  it  loft  at  firft.  43.  By  trituration  with  charcoal  powder  bugs 
(cimices)  were  entirely  deprived  of  their  bad  fmell.  44.  The  (Length  of  fpirits 
diftilled  from  malt  is  increafed  by  the  mere  addition  of  charcoal.  45.  This 
increafe  of  ftrength  was  afeertained  by  comparative  experiments  of  fpecific 
gravity  ; and  of  dephlegmation  as  well  by  fait  of  tartar  as  by  diftillation.  It  feems 
to  be  in  fome  meafure  doubtful,  whether  this  procefs  might  be  advantageoufly 
fubftituted  inftead  of  thofe  at  prefent  in  ufe.  Mr.  Lowitz  thinks  it  may,  and 
relates  various  experiments  with  obfervations  to  that  effed.  He  remarks  that 
ardent  fpirit  completely  purified  by  charcoal  has  a fine  fmell,  exadly  refembling 
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that  of  peaches.  Does  this  fad:  bear  any.  relation  to  the  fire  damp  of  coal  mines 
which  fmells  of  peach-bloffoms,  and  probably  confifts  of  fome  modification  of 
fixed  and  inflammable  air  ? 46.  Vinegar  is  not  weakened  by  diftillation  with 

charcoal,  but  too  large  a quantity  appears  to  decompofe  it,  as  is  the  cafe  with 
ardent  fpirit  in  the  like  circumftances.  47.  The  acid  of  wood  obtained  by  dif- 
tillation from  lignum  vitas,  or  guaiacum,  when  diftilled  with  charcoal  was  very 
readily  purified  from  the  great  quantity  of  empyreumatic  oil  which  adheres  to 
it : and  a true  glacial  vinegar  was  obtained  by  concentrating  it  to  a very  high 
degree.  48.  From  two  ounces  of  charcoal  powder  mixed  with  eight  ounces  of 
fmoking  fpirit  of  nitre,  three  ounces  fix  grains  of  fmoking  acid,  of  a very  beau- 
tiful dark  green  colour  were  obtained.  49.  On  pouring  eight  ounces  more  of 
frefh  fmoking  fpirit  of  nitre  to  the  refiduous  charcoal  powder,  after  it  was 
become  cold,  a quantity  of  ignited  fparks  fuddenly  appeared  in  the  retort  which 
broke  in  pieces,  whiift  the  charcoal  took  fire,  but  without  detonation.  50.  The 
experiment  with  eight  ounces  of  fmoking  fpirit  of  nitre  and  two  ounces  of  char- 
coal powder  was  again  repeated  in  the  fame  way  as  No.  48.  When  the  diftil- 
laiion  was-  over,  the  refiduous  charcoal  powder  was  fomewhar  fhining  in  its  upper 
part,  but  not  much  caked  or  agglutinated.  In  order  to  fee  whether  it  had  buf- 
fered any  alteration  from  this  firft  operation,  Mr.  Lowitz  fubjedted  very  final! 
quantities  of  it  to  the  following  trials : 

(a)  When  thrown  upon  burning  charcoal  it  did-  not  produce  tlie  flighted 
detonation,  nor  did  it  give  out  any  lrnell. 

(b)  Applied  to  the  tongue,  it  did  not  give  out  any  faline  tafte. 

(c)  From  a diluted  brown  lixivium  of  acid  of  tartar  it  extracted  all  the  colour 
in  the  courfe  of  five  minutes  without  the  afliftance  of  heat  4 whence  it  appears. 
that  it  had  not  yet  loft  its  dephlogifticating  power. 

'(d)  The  affufion  of  fmoking  fpirit  of  nitre  upon  it  was  followed  by  an  extri- 
cation of  heat,  but  not  by  inflammation.  51.  This  charcoalpowder,  which  did 
not  yet  feem  to  have  undergone  the  leaft  alteration,  Mr.  Lowitz  put  again  into 
the  retort;  he  then  mixed  together  the  acid  liquors  (whofe  fpecific  gravity  was 
1,325,  and  whofe  concentration  amounted  to  twenty-nine  degrees)  obtained  in 
the  diftillations  No.  50  and  No.  48,  and  poured  them  upon  the  charcoal.  After 
this  fecond  diftillation  to  drynefs,  the  fpecific  gravity  of  the  obtained  liquor  was 
found  to  be  1,317,  and  its  concentration  twenty  degrees.  52.  After  the  third 
diftillation,  the  fpecific  gravity  amounted  only  to  1,417,  and  the  concentration 
to  only  fourteen  degrees.  The  charcoal  powder  did  not  even  yet  fhew  the 
leaft  figns  of  iolubility . 53.  As  the  diftilled  liquorwas  now  become  very  weak, 

Mr.  Lowitz  employed  in  the  fourth  diftillation  nine  ounces  of  common  nitrous 
acid,  the  fpecific  gravity  of  which  was  1,258,  and  its  concentration  equal  to 
twenty-four  degrees.  At  the  end  of  the  operation  he  found  the  fpecific  gravity 
of  the  diftilled  liquor  to  be  1,226.  The  refiduous  charcoal  powder  was  now 
become  very  ftrongly  caked  and  full  of  cracks.  54/  After  the  fifth  diftillation. 
he  did  not  find  any  difference  in  the  fpecific  gravity  of  the  acid.  A faline  fub- 
limate  was  contained  in  the  neck  of  the  retort.  55.  After  the  ftxth  diftillation, 
the  acid  whofe  fpecific  gravity  was  ftill  1,222  appeared  of  a yellow  colour. 
The  refiduum  had  now  a fhining  black  appearance,  like  pitch  ; on  pouring 
upon  it  fome  of  the  diftilled  liquor,  a reddifh-brown  folution  was  obtained. 
56.  After  the  fevenfin  diftillation  the  acid  became  ftill  yellower,  and  its  fpecific 
gravity  was  now  reduced  to  1,218.  The  refiduum  was  now  for  the  molt  part 
loluble  in  water.  57.  Charcoal  thus  reduced  to  the  form  of  an  extradf  is  as 
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foluble  in  highly  re&ified  fpirit  of  wine  as  it  is  in  water.  58.  A Efficiently 
diluted  folntion  of  this  fubftance  in  water  is  entirely  deprived  of  its  colour  and 
bitter  tafte  by  frefh  charcoal  powder.  59.  The  watery  folution  of  the  extfadt  of 
charcoal  when  thoroughly  evaporated  in  a fand  bath,  fwells  up  at  the  laft  and 
becomes  perfe&ly  dry  ; but  it  foon  attra&s  moifture  again  by  expofure  to  the 
air.  However,  when  left  to  the  air  for  fome  months,  it  lofes  this  deliquefcent 
property,  and  its  humidity  is  gradually  dried  up.  60.  Refin  of  jalap  was  ren- 
dered extremely  pure  and  colourlefs  by  repeated  addition  of  charcoal  to  the 
fpirituous  folution,  and  fubfequent  diftillation  of  the  menftruum.  The  lofs 
amounted  to  half  the  weight  of  the  refin.  61.  Common  refill  appeared  to 
require  fo  much  charcoal  for  its  purification,  that  Mr.  Lowitz  abandoned 
the  attempt.  62.  Ether  which  is  tainted  with  a fulphureous  fmell  is  not 
deprived  of  this  fmell  by  charcoal  powder.  On  the  other  hand,  water  that 
has  been  impregnated  as  much  as  poffible  with  fuch  kind  of  ether,  immediately 
lofes  this  fmell  when  charcoal  powder  is  mixed  with  it.  63.  Charcoal  powder 
has  not  the  lead  effedt  upon  the  ftrong- fuelling  fubftance  which  is  extricated 
during  the  diftillation  of  fuet  and  of  olive  oil.  64.  Refins  and  native  baifams 
diffolved  in  fpirit  of  wine  are  deprived  of  their  colour,  but  not  of  their  peculiar 
fmell,  by  charcoal  powder.  65.  The  fmell  of  diflilled  or  efiential  oils  is  not 
at  all  affected  by  charcoal.  66.  All  empyreumatic  oils,  except  oleum  philofo- 
phorum,  are  entirely  deprived  of  their  colour  and  fmell  by  charcoal.  67.  If  as 
much  charcoal  be  added  to  diftilled  waters  as  is  fufficient  to  deftroy  the  fmell, 
the  water  will  always  remain  turbid  ; but  when  a larger  quantity  of  charcoal 
powder  is  added,  the  water  becomes  perfectly  clear  and  transparent.  68.  Char- 
coal powder  not  only  deprives  diftilled  waters  of  their  fmell,  but  alfo  water  im- 
pregnated with  any  fort  of  empyreumatic  oil.  69.  A watery  infufion  of 
afafcetida  and  a cold  infufion  of  Virginia  lnake-root  and  valerian  were  entirely 
deprived  of  their  fmell  by  charcoal  powder.  70.  Charcoal  powder  produces  no 
effetft  when  mixed  with  empyreumatic  oils.  71.  In  like  manner  the  effential 
oils  fuffer  no  lofs  of  fmell  from  the  admixture  of  charcoal  powder.  72.  The 
admixture  of  charcoal  with  a watery  folution  of  opium  deprives  it  of  its  peculiar 
fmell.  73.  Both  white  and  red  wine  are  rendered  colourlefs  by  charcoal  powder. 
74.  Charcoal  powder  produces  no  change  in  the  common  e-flence  of  orange-peel. 
73.  On  the  other  hand  it  deprives  eflence  of  wormwood  both  of  its  colour  and 
fmell.  76.  Both  the  fpirituous  and  watery  tin&ures  of  faffion  are  in  like  man- 
ner completely  deprived  of  their  colour  and  fmell.  77.  The  fpirituous  and 
watery  tinftures  of  red  launders,  cochineal,  and  gum-lac,  are  alfo  rendered  quite 
colourlefs.  78.  Charcoal  powder  completely  feparates  all  the  calcareous  particles 
from  lime-water.  79.  Water  faturated  with  fixed  air  is  very  fpeedily  deprived 
of  the  fame  by  charcoal  powder.  80.  If  a little  dry  charcoal  be  introduced  into 
a bottle  filled  with  inflammable  air,  on  applying  the  flame  of  a candle  to  the 
mouth  of  the  bottle,  an  explofion  will  be  produced,  which  proves  that  it  muft  have 
received  fome  pure  air  from  the  charcoal  powder.  8 1.  Water  impregnated  with 
hepatic  air  is  freed  from  the  fame  by  means  of  charcoal  powder.  82.  Onions  and 
garlick,  after  they  have  been  well  bruifed  or  mafhed,  are  quickly  deprived  of  their 
(trong  irnell  by  mixture  with  charcoal  powder.  83.  Mr.  Lowitz  found  that  the 
coaly  refiduum  after  the  preparation  of  dulcified  fpirit  of  nitre,  and  alfo  the  coaly 
matter  which  remains  behind  after  the  diftillation  of  Hoffman’s  anodyne  liquor, 
are  equally  as  proper  for  the  dephlogifticating  procefies  as  charcoal  itfelf. 
84^  Mr.  Lowitz  obferves,  as  a remarkable  circumftance,  that  he  has  fuccefsfully 
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employed  the  thoroughly  edulcorated  coaly  matter  which  remains  after  the  dif- 
tillation  of  Hoffman’s  liquor,  before  it  has  undergone  calcination,  to  deprive  a 
lixivium  of  acid  of  tartar  of  its  yellow  colour. 

The  tranflator  of  the  papers  of  Mr.  Lowitz,  in  the  Englifh  Chemical  Journal, 
adds  the  following  remarks  and  information  in  a note  which  I have  not  at 
all  abridged. 

In  the  4th  No.  of  the  Chemical  Annals  for  1791,  Mr.  Lowitz  has  pointed  out 
the  principal  circumftances  upon  which,  after  an  experience  of  four  years,  he  has 
found  the  fuccefs-  of  the  dephlogifticating  proceffes  with  charcoal  to  depend.  To 
a want  of  information  in  thefe  particulars  are  to  be  afcribed  the  failure  and  dif- 
appointment  complained  of  by  many  chemifts  who  have  repeated  his  experi- 
ments. The  circumftances  fo  neceffary  to  the  fuccefs  of  thefe  operations  are 
reduced  to  two  general  heads ; viz. 

I.  The  preparation  and  quality  of  the  charcoal. 

II.  The  mode  of  employing  the  charcoal,  according  to  the  different  nature  of 
the  fubftances  to  be  operated  upon.  This  comprehends  whatever  relates  to 

(a ) Bringing  the  fubftances  to  be  purified,  to  a ftate  proper  for  being  acfted 
upon  by  the  charcoal. 

(b)  Adding  the  charcoal  in  due  proportion. 

(c)  Adding  it  at  a proper  time. 

(d)  The  feparation  of  the  charcoal  powder  from  the  purified  fubftances  ; and 
laftly, 

(e)  The  further  treatment  of  the  liquid  fubftances  after  the  feparation  of  the 
charcoal  powder. 

I.  With  regard  to  the  preparation  of  the  charcoal,  it  is  abfolutely  neceffary  to 
deprive  it  of  all  its  oily  matter  by  making  u red-hot  throughout  its  whole  fub- 
jftance.  Charcoal  that  has  been  badly  burnt  gives  out  its  oily  empyreumatic 
parts,  and  at  the  fame  time  a brown  colour,  even  to  water,  much  more  to  faline' 
leys  when  boiled  therewith.  No  wonder  then,  that  liquors  which  are  heated 
with  fuch  imperfed  charcoal,  inftead  of  being  made  colourlefs,  fhould  even- 
become  browner  than  they  would  be  without  fuch  treatment. 

For  the  fpace  of  nearly  a year  after  he  firft  difcovered  the  purifying  property 
of  charcoal,  Mr.  Lowitz  ufed  to  be  guided,  in  the  feledion  of  what  he  wanted 
for  the  dephlogifticating  proceffes,  merely  by  outward  appearance  and  lightnefs. 
But  as  in  this  uncertain  mode  of  proceeding  fome  badly  burnt  charcoal  was 
ufually  picked  out  along  with  the  good,  his  experiments  fometimes  proved 
abortive.  He  afterwards  took  the  precaution  of  making  the  charcoal  red-hot 
throughout ; and  fince  that  time  (viz.  for  the  laft  three  years)  he  has  always 
accomplilhed  his  end. 

1.  The  charcoal  muft  be  made  quite  red-hot  in  a furnace,  and  thofe  pieces 
which  ceafe  to  give  out  any  fmoke  muft;  be  taken  out  with  tongs,  and  be  laid  to 
cool  upon  clean  bricks.  Left  the  larger  lumps  fhould  not  have  undergone  a 
red  heat  throughout,  and  there  fhould  ftill  remain  a little  phlogiftic  or  empyreu- 
matic matter  in  the  heart  or  middle  of  them,  it  will  be  proper  to  break  them 
into  fmaller  pieces  before  they  are  taken  out  of  the  fire  ; for  a fingle  lump  of 
fuch  imperfectly  charred  coal  would  countera£t  or  deftroy,  if  not  altogether  at 
leaft  in  part,  the  dephlogifticating  effedt  of  the  reft:  of  the  charcoal  powder  with 
which  it  fhould  chance  to  be  mixed. 

2.  In  the  next  place,  great  care  muft  be  taken  that  during  the  cooling  the 
charcoal  do  not  come  into  contact  with  any  greafy,  oily,  or  other  inflammable 
body  ; for  the  fmoke  which  would  thus  be  produced,  would  be  abforbed  by  the 
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charcoal,  and  render  it  unfit  for  the  dephlogifticating  procefles.  For  the  fame 
reafon,  the  prefence  of  much  fmoke  (in  whatever  way  produced)  in  the  place 
where  the  charcoal  is  prepared,  would  be  highly  prejudicial. 

3.  As  foon  as  the  charcoal  is  become  cool,  the  a{hes  which  adhere  to  it 
muft  be  carefully  blown  off  with  a pair  of  bellows ; it  rauft  then  be  pounded 
and  palled  through  a fine  hair  fieve,  and  kept  for  ufe  in  clean  earthen  or  glafs 
veflels,  clofely  flopped,  in  order  to  keep  out  the  air. 

4.  Much  depends  on  the  finenefs  of  the  charcoal  powder ; for  the  finer  it  is, 
the  greater  number  of  acting  furfaces  are  prefented  to  the  fubftances  to  be 
operated  upon,  and  confequently  a fmaller  quantity  of  the  powder  fuffices.  By 
an  attention  to  this  circumflance,  a good  deal  of  trouble  and  labour  may  be 
faved. 

5.  The  goodnefs  of  charcoal  powder,  thus  prepared,  may  be  eafily  and 
quickly  afcertained  by  a ftnall  trial,  in  the  following  manner : Put  an  ounce  of 
the  mod  empyreumatic  and  worft  kind  of  ardent  fpirits  into  a phial,  and  add 
thereto  about  a couple  of  drams  of  the  powder;  then  lhake  the  whole  well 
together.  If  the  charcoal  powder  is  of  a proper  quality,  the  ardent  fpirits  will 
immediately  lofe  their  bad  fmell. 

11.  Refpe&ing  the  mode  of  employingthe  charcoal,  it  is  to  be  remarked  that 
a given  quantity  of  charcoal  powder  attracts  only  a limited  quantity  of  inflam- 
mable matter,  after  its  faturation  with  which  it  becomes  incapable  of  any 
further  adtion. 

Hence,  when  any  fubftance  is  to  be  dephlogifticated,  it  is  better  to  add  too 
much  than  too  little  charcoal  powder;  for  in  the  firft  cafe  the  end  will  be  ac- 
complifned,  whilft  in  the  latter  there  will  be  only  a partial  dephlogiftication,  or 
perhaps  none  at  all.  - Y' 

And  yet  too  great  an  excefs  of  charcoal  mufl  not  be  employed ; for,  not  to 
mention  that  the  procefs  is  thus  rendered  much  more  troublelome,  the  fubftances 
that  are  operated  upon  are  thereby  in  danger  of  being  decompofed. 

(q)  All  folid  bodies  that  are  to  be  purified  by  charcoal  (except  fuch  as  admit 
of  being  treated  in  the  dry  way,  by  fublimation)  muft  be  previoufly  brought 
into  a fluid  ftate  by  diflolution  in  their  proper  menftrua,  from  which  the  un- 
diflblved  and  grofler  parts  muft  be  afterwards  feparated  by  filtration. 

Nor  is  it  enough  that  the  fubftance  to  be  purified  be  barely  diflolved  in  its 
yrroper  menftmum  ; it  is  further  requifite  that  its  folution  be  duly  diluted  either 
with  water  or  fpirit  of  wine,  according  to  the  nature  of  the  diflolved  fubftance. 

In  fome  cafes  where  an  empyreumatic  oil,  or  flimy  matter,  adheres  too 
ftrongly  to  the  fubftance  to  be  purified,  it  is  necefiary  to  boil  the  fluid  along 
with  the  charcoal  powder  even  to  drynefs,  and  to  re-difl'olve  it  afteiwards,  and 
this  for  feveral  fucceflive  times,  till  the  purification  is  completed. 

( b ) To  find  out  the  proper  quantity  of  charcoal  powder  in  operations  in  the 
large  way,  add  it  little  by  little  to  the  liquor  during  the  boiling,  until  it  fball  be 
found,  by  repeatedly  taking  out  ftnall  portions  and  filtrating  and  examining 
them,  that  the  liquor  is  become  fufficiently  pure. 

To  as  much  acid  of  tartar  as  is  obtainable  from  3olbs.  of  cryftals  of  tartar, 
we  are  diredted  to  add  fix  ounces  of  charcoal  powder,  beginning  to  add  fome 
of  it  as  foon  as  the  liquor  is  fet  to  evaporate,  and  continuing  the  addition  till 
the  acid  is  brought  almoft  to  the  point  of  cryftallization.  In  this  way  961bs.  of 
acid  of  tartar,  in  the  higheft  degree  of  purity,  and  of  a perfectly  white  appear- 
ance, were  prepared  from  3 oolbs.  of  cream  of  tartar. 
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In  the  diftillation  of  vinegar,  Mr.  Lowitz  adds  10  or  i2lbs.  of  charcoal 
powder  to  i5olbs.  of  vinegar,  and  diftills  to  drynefs  in  the  open  fire.  Here 
the  receiver  muft  be  frequently  changed  towards  the  end  of  the  diftillation, 
fince  there  generally  comes  over  at  the  laft,  when  the  charcoal  powder  is  em- 
ployed in  this  proportion,  about  6 or  8 lbs.  of  brown  empyreumatic  vinegar, 
which,  however,  may  be ‘afterwards  purified  by  a fimilar  diftillation  with  frefti 
charcoal  powder. 

A terra  foliata  tartari,  of  a fnowy  whitenefs,  may  be  obtained  by  adding, 
during  the  boiling,  from  four  to  fix  ounces  of  charcoal  powder  to  the  product 
from  about  ^lbs.  of  fait  of  tartar,  faturated  with  vinegar  previoufly  diftilled  with 
charcoal  in  the  manner  before  mentioned. 

( c ) Dry  VQlatile  falts,  fuch  as  flowers  of  benzoin,  fait  of  amber,  fait  of 
hartlhorn,  &c.  fhould  be  triturated  with  an  equal  quantity  of  charcoal  powder, 
put  into  a retort,  and  covered  over  to  about  a hand’s  breadth  with  coarfe  charcoal 
powder.  In  the  cafe  of  acid  falts,  the  proportion  of  charcoal  powder  mull 
not  be  too  great ; otherwife  a confiderable  lofs  will  be  occafionedf 

In  the  purification  of  ardent  fpirits,  the  following  is  the  fafeft  way  of  proceed- 
ing : After  the  fpirit  is  put  into  the  ftill,  the  charcoal  muft  be  added  little  by 
little,  till  it  is  found,  by  frequently  taking  out  fmall  quantities  and  diluting  them 
with  a little  hot  water,  that  all  the  burnt  or  empyreumatic  fmell  is  gone  off ; 
then,  and  not  before,. we  are  to  proceed  to  diftillation. 

In  the  cafe  of  falts,  which  by  evaporation  without  charcoal  powder  conftantly 
become  brown  and  empyreumatic,  the  charcoal  powder  muft  remain  mixed 
therewith,  till  they  are  brought  quite,  or  at  leaft  very  near  to  the  point  of  cry- 
ftallization. 

(d)  The  feparation  of  the  charcoal  powder  is  eafieft  and  fooneft  effe&ed  by 
means  of  a linen  ftrainer.  When  no  more  of  the  liquor  will  run  through  of  it- 
felf,  the  remainder  muft  be  fqueezed  out  as  well  as  poflible,  and  after  it  has 
been  paffed  through  a frefli  filter,  and  is  become  quite  clear,  it  may  be  mixed 
with  the  former  liquor. 

That  nothing  may  be  loft,  the  charcoal  powder  which  remains  upon  the  filter 
may  be  lixiviated  with  water ; but  there  are  very  few  cafes  in  which  this  laft  weak 
lixivium  can  be  added  to  the  former  liquors ; it  muft  be  previoufly  evaporated 
by  itfelf,  and  undergo  the  other  fubfequent  treatment. 

A principal  rule  to  be  obferved  is,  to  drain  the  liquors  that  are  boiled  with 
charcoal  as  hot  as  poflible;  for  they  are  then  in  the  moft  fluid  ftate,  and  confe- 
quently  the  feparation  of  the  fine  particles  of  charcoal  takes  place  more  readily. 

(e)  After  the  feparation  of  the  charcoal  powder,  thofe  lixivia  that  are  liable 
to  be  affedled  by  the  fire  muft  be  evaporated  only  with  the  gentleft  heat. 

In  all  the  experiments  with  charcoal,  in  which  any  comparifon  is  made,  in 
refpedl  to  fpecific  gravity,  fmell,  tafte,  or  colour,  between  the  liquors  before  and 
after  the  operation,  it  is  necefl’ary  to  keep  in  mind  what  was  added  for  their 
due  dilution  before  the  treatment  with  charcoal,  and  to  make  allowances  ac- 
cordingly. 

If,  in  the  firft  attempt  to  deprive  any  fubftance  of  its  colour  by  means  of 
charcoal  powder,  the  operator  fhould  not  fucceed,  he  muft  not  immediately  con- 
clude that  charcoal  is  incapable  of  producing  fuch  an  effedl  upon  that  fubftance. 
The  folution  might  not  have  been  diluted  fufflciently.  Before  any  conclufion  is 
drawn,  it  is  neceflary  that  the  folution  be  diluted  to  an  extreme  degree  (fo,  how- 
ever, as  to  let  the  colour  be  ftill  difcernible),  and  that  the  charcoal  powder  be 
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added  in  the  largeft  poflible  quantity.  Should  no  alteration  then  take  place,  he 
may  fafely  pronounce  that  the  colour  of  the  fubftance  thus  tried,  is  not  affe&ed 
by  charcoal. 

Heat  is  not  always  required  in  experiments  with  charcoal.  Cold  admixture, 
aflifted  by  agitation,  fhould  be  firfl  tried ; if  this  fhould  not  fucceed,  recourfc 
muft  be  had  to  digeftion  and  boiling. 

There  are  cafes  in  which,  notwithftanding  the  prefence  of  fuch  parts  as 
are  adually  attraded  by  charcoal,  its  ufe  would,  in  other  refpeds,  be  im- 
proper. In  thefe  inftances,  therefore,  before  any  operations  in  the  large  way 
are  attempted,  a trial  in  the  fmall  way  fhould  be  made. 


Gums . 

GUMS.  The  celebrated  Rouelle,  in  his  Courfe  of  Chemiftry,  remarked, 
that  the  acid  of  gummy  matters,  when  expofed  to  deftrudive  diftillation,  ads 
upon  their  oil,  and  converts  it  into  coaly  matter ; whence  they  afford  merely 
water,  acid,  and  a very  fmall  quantity  of  oil,  which  is  thick,  and  does  not  pafs 
through  the  filter.  Mr.  Woulfe,  in  a fhort  paper  inferted  in  the  Journal  de 
Phyfique  for  May  1788,  gives  an  account  of  the  diftillation  of  gum  arabic 
with  one  fourth  of  its  weight  of  the  vegetable  fixed  alkali.  This  combines  with 
the  acid,  and  accordingly  none  comes  over,  but  the  quantity  of  oil  is  confider- 
able,  and  it  is  fufficiently  attenuated  to  pafs  through  the  filtering  paper.  Honey, 
by  the  fame  treatment,  affords  oil  copioufly. 


Nitre. 

NITRE.  The  purification  of  nitre  by  means  of  charcoal,  forms  the  fubjeift 
of  a paper  by  Mr.  Gadolin,  in  the  fecond  volume  of  Crell’s  Annals  (tranf- 
lated)  of  which  the  following  is  an  abftradt : 

1.  The  difference  which  takes  place  in  the  cryftallization  between  nitre, 
common  and  digeftive  fait,  and  the  deliquefcent  property  of  the  earthy  neutral 
falts,  affords  fufficient  jneans  of  feparating  each  kind  of  fait  from  the  other  ; 
but  thisfeparation  is  impeded  when  there  is  much  undtuous  matter  in  the  mixture. 
2.  Hence  the  purification  of  crude  nitre  depends  principally  on  the  feparation 
of  this  fubftance.  3.  The  belt  method  hitherto  propofed,  of  freeing  the  nitre 
from  its  undluous  matter,  feems  to  have  been  the  addition  of  alum.  But  this 
method  is  not  'only  too  expenfive,  but  there  is  reafon  to  apprehend  that  the 
nitre  may  take  up  a portion  of  the  vitriolic  acid.  4.  Mr.  Gadolin  undertook 
to  purify  nitre  by  charcoal  powder,  and  relates  the  following  experiments.  5. 
He  put  twelve  pounds  of  very  brown  and  moift  crude  nitre  into  a veffel,  and 
found  that  a dark  brown  fluid  had  coliedted  at  the  bottom  of  the  veffel,  amount- 
ing to  about  five  ounces  and  a half.  This  he  feparated,  and  calls  the  mother- 
ley.  6.  Four  ounces  of  the  nitre  fpread  out  upon  bibulous  paper,  and  dried 
in  a moderate  temperature  of  the  air,  weighed  7,15  half-ounces.  7.  Half  an 
ounce  of  crude  nitre  diffolved  in  water,  gave,  with  a folution  of  filver,  0,0496 
half-ounce  of  dry  hina  cornea.  8.  Two  ounces  and  a half  of  the  crude  nitre, 
diffolved  in  water,  and  fuperfatured  with  vegetable  alkali,  gave  a fmall  quantity 
©f  a dark  brown  precipitate.  9.  Half  an  ounce  of  the  mother-ley  gave,  with  a 
Solution  of  filver,  0,368  half-ounce  of  luna  cornea.  On  filtering  and  evaporat- 
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ing  the  ley,  a quantity  of  tranfparent  prifmatic  cryflals  were  produced.  10.  From 
one  ounce  of  the  mother-ley  precipitated  by  means  of  the  vegetable- alkali,  0,092 
half  ounce  of  a coloured  powder  was  obtained.  The  marine  acid  diffolved 
this  powder  with  violent  efferrefcence.  The  vitriolic  acid  effervefced  in  like 
manner  with  the  precipitate,  and  left  a confiderable  quantity  of  undiffolved 
gypfum  in  a powdery  Hate.  This  folution,  when  evaporated,  afforded  felenitic 
needles,  and  cryflals  of  Epfom  fait.  n.  One  ounce  of  the  mother-ley  eva- 
porated to  drynefs  by  a gentle  heat,  left  behind  a dark  brown  mafs,  which  was 
full  of  irregular  cubic  cryflals,  and  weighed  0,625  half-ounce.  - 12.  On  fmartly 
boiling  for  ten  minutes,  three  ounces  of  the  mother-ley,  with  four  ounces  of 
water,  and  three-fourths  of  an  ounce  of  charcoal,  the  charcoal  acquired  an  in- 
creafe  of  one-fourth  .of  an  ounce  in  its  weight.  13.  Hence  it  follows  that  100 
parts  of  the  crude  faltpetre,  which  Mr.  Gadolin  employed,  contained  nearly  9 4. 
per  cent,  of  mother-ley,  and  three-fevenths  more  of  marine  acid  than  the  fame 
quantity  of  mother-ley.  Again,  according  to  experiment  7th,  100  parts  of 
crude  nitre  contain  as  much  marine  acid  as  4-96  parts  of  luna  cornea;  and 
according  to  experiment  9th,  in  94  parts  of  mother-ley,  there  was  only  as  much 
marine  acid  as  in  three-fifth  parts  of  luna  cornea.  14.  From  experiments  eleven 
and  twelve  it  follows,  that  the  ingredients  in  100  parts  of  unrefined  faltpetre  were 
about  89  parts  of  pure  nitre,  three  parts  of  muriated  neutral  falts,  one  part  of 
undluous  matter,  and  fix  parts  and  a half  of  water,  without  reckoning  the 
water  of  cryftallization.  15.  Mr.  Gadolin  being  convinced  of  the  poffibility  of 
purifying  nitre  by  means  'of  charcoal,  made  various  experiments  in  order  to 
afcertain  what  proportion  of  charcoal  powder  the  faltpetre  requires,  and  what 
phaenomena  would  prefent  themfelves  in  the  procefs.  The  proof  of  the  abfence 
of  undtuous  matter  was  afcertained  by  the  facility  of  cryftallization,  and  the 
greater  quantity  of  cryftals  afforded;  and'che  purity  of  the  nitre  was  (hewn  by 
the  teft  of  the  nitrous  folution  of  filver.  The  refults  were  according  to  the  fol- 
lowing Table  : 


Crude  nitre. 

Charcoal 
. powder. 

Cryftallized 

nitre. 

Luna  cornea,' Luna  cornea, 
from  a quarter^from  ico 
of  an  ounce  of  partsof  cry- 
the  cryftallizedjftallized  ni- 
nitre.  tre. 

Luna  cornea, 
from  the  lix- 
ivium, to  100 
parts  of  pure 
nitre. 

Half  ounces. 

Half  ounce. 

Half  ounce. 

Half  ounce. 

Parts. 

Parts. 

I 

32 

2.5 

I9»5 

0,0009 

0,1  8 

5>5 

2 

24 

2,5 

21, 

0,001  I 

0,22 

3> 

3 

24 

2,5 

20,9 

0,001 3 

0,26 

1 3> 

4 

24 

2,5 

20,4 

0,0017 

°j34 

16, 

5 

24 

2,5 

22,25 

0,0025 

0,50 

20, 

6 

24 

2,5 

20, 

0,001  8 

0,36 

24, 

7 

24 

2,5 

21,5 

0,0020 

0,40 

27> 

8 

0 

I» 

6>75 

0,0070 

G4 

9°> 

9 

O 

0 

2,5 

0,179 

35*8 

300, 

From  the  preceding  Table  Mr.  Gadolin  obferves,  that  we  may  fee  how  little 
difpofed  the  muriated  falts  are  to  unite  with  the  nitre,  when  the  lixivium  is  freed 
from  its  undluous  matter,  and  the  cryftallization  is  properly  conducted  : and  that 
fince  the  mother-ley . is  rendered  fit  for  cryftallization  by  means  of  charcoal 
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powder,  there  is  reafon  to  believe  that  charcoal  powder  might  be  very  advanta- 
geoufly  employed  by  the  faltpetre  makers  in  the  firft  boilings  of  the  impure 
ley.  He  adds,  that  in  large  purifications,  much  lefs  than  three-fourths  of  an 
ounce  of  charcoal  powder  to  a pound  of  nitre,  will,  in  all  probability,  be  fuffi- 
cient.  That  if  in  large  purifications,  the  un&uous,  matter  fhould  be  converted 
into  fcum,  the  charcoal  powder  will  probably  be  feparated  from  the  ley  by  the 
defpumation ; in  which  cafe  filtration  will  be  unneceflary,  and  the  expence 
attending  this  new  procefs  will  then  be  very  trifling.  But  even  though  the  fil- 
tration fhould  be  found  neceffary,  ftill  he  is  perfuaded  that  the  expence,  what- 
ever it  be,  will  be  amply  compenfated  by  the  greater  purity  of  the  nitre,  and  by 
the  fuperior  quality  of  the  gunpowder  prepared  from  it. 

Spermaceti . 

SPERMACETI.  From  the  want  of  a corred  table  of  reference  to  the 
Annales  de  Chimie,  I did  not  difcover  the  fecond  memoir  of  Fourcroy, ^contain- 
ing a chemical  examination  of  the  fatty  fubftance  into  which  the  dead  bodies  in 
the  burying-pound  Des  Innocens  was  converted.  The  reader  will  find  a detail 
of  the  fads  under  the  article  Spermaceti,  where  this  fubftance  is  erroneoufly  faid 
to  be  of  the  fame  nature  as  that  animal  produd  ; a general  opinion,  founded  as 
I fuppofe  on  the  experiment  mentioned  in  p.  865,  and  which  may  probably  be 
true  of  fuch  animal  matters  as  are  thus  converted  adually  under  water.  The 
memoir  of  Mr.  Fourcroy  is  of  confiderable  length,  nearly  fixty  pages,,  for  which 
reafon  1 (hall  not  attempt  to  give  a full  account  of  every  fad  it  exhibits,  but 
fhall  feled  the  leading  fads  as  concifely  as  poffible. 

1.  This  fubftance  is  fufed  at  a lefs  degree  of  heat  than  that  of  boiling  water, 
and  may  be  purified  by  preflure  through  a cloth,  which  difengages  a portion  of 
fibrous  and  bony  matter.  2.  The  procefs  of  deftrudive  diftillation  by  a very  gra- 
duated heat  was  begun,  but  not  completed  on  account  of  its  tedioufnefs,  and  the 
little  promife  of  advantage  it  afforded.  The  produds  which  came  over,  were  water 
charged  with  volatile  alkali,  a fixable  oil,  concrete  volatile  alkali,  and  no  elaftic 
fluid  during  the  time  the  operation  was  continued.  3.  Fragments  of  the  fatty  mat- 
ter, expofed  to  the  air  during  the  hot  and  dry  fummer  of  1786,  became  dry,  brittle, 
and  ahiiofi:  pulverulent  at  the  furface.  On  a careful  examination,  certain  por- 
tions were  obferved  to  be  femi-tranfparent,  and  more  brittle  than  the  reft.  Thefe 
polTefied  all  the  apparent  properties  of  wax,  and  did  not  afford  volatile  alkali 
by  diftillation.  4.  With  water,  this  fatty  matter  exhibited  all  the  appearances 
of  foap,  and  afforded  a ftrong  lather.  The  dried  fubftance  did  not  form  the 
iaponaceous  combination  with  the  fame  facility  or  perfedtion  as  that  which  was 
recent.  About  two-thirds  of  this  dried  matter,  feparated  from  the  water  by 
cooling,  and  proved  to  be  the  femi-tranfparent  fubftance  refembling  wax.  This 
was  taken  from  the  furface  of  the  foapy  liquor,  which  being  then  pafled  through 
theffilter,  left  a white  foft  fhining  matter  which  was  fufible,  and  combuftible. 
5.  Attempts  were  made  to  afcertain  the  quantity  of  volatile  alkali  in  this  fub- 
ftance, by  the  application  of  lime  and  of  the  fixed  alkalis,  but  without  fupcefs. 
For  it  was  difficult  to  colledt  and  appreciate  the  firft  portions  which  efcaped, 
and  likewife  to  difengage  the  laft  portions.  The  cauftic  volatile  alkali,  with 
the  affiftance  of  a gentle  heat,  diffolved  the  fatty  matter,  and  the  fol.ution  became 
perfedtly  clear  and  tranfparent  at  the  boiling  temperature  of  the  mixture,  which 
was  at  185  degrees  of  Fahrenheit.  6.  Vitriolic  acid  of  the  fpecific  gravity  of 
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2,0  was  poured  upon  fix  times  its  weight  of  the  fatty  matter,  and  mixed  by  agita- 
tion. Heat  was  produced  and  a gas  or  effluvium  of  the  moft  infupportable  putref- 
cence  was  emitted,  which  infedted  the  air  of  an  extenfive  laboratory  for  feveral  days. 
Mr.  Fourcroy  fays,  that  the  fmell  cannot  be  defcribed,  but  that  it  is  one  of  the 
moft  horrid  and  repulfive  that  can  be  imagined.  It  did  not  however  produce  any 
indifpofition  either  in  himfelf  or  his  affiftants.  By  dilution  with  water,  and  the 
ordinary  proceffes  of  evaporation  and  cooling  properly  repeated,  vitriolic  ammo- 
niac and  felenite  were  obtained.  A fubftance  was  feparated  from  the  liquor,, 
which  appeared  to  be  the  waxy  matter  fomewhat  altered  by  the  adlion  of  the 
acid.  7.  The  nitrous  and  marine  acids  were  alfo  applied,  and  afforded  pheno- 
mena worthy  of  remark,  but  which  for  the  fake  of  concifenefs  are  here  omitted. 
8.  Strong  ardent  fpirit  does  not  adt  on  this  matter  at  the  ordinary  temperature 
of  the  air.  But  by  boiling  it  diffolves  one  third  of  its  own  weight,  which  is 
almoft  totally  feparable  by  cooling,  as  low  as  550.  The  fpirit  after  this  procefs 
affords  by  evaporation  a portion  of  that  waxy  matter  which  is  feparable  by 
acids,  and  is  therefore  the  only  portion  foluble  in  cold  ardent  fpirit.  The  quantity 
of  fatty  matter  operated  on,  was  four  ounces,  or  2304  grains,  of  which  the 
boiling  fpirit  took  up  the  whole  except  26  grains,  which  proved  to  be  a mixture 
of  20  grains  of  ammoniacal  foap,  and  fix  or  eight  grains  of  the  phofphoric  falts  of 
foda  and  of  lime.  From  this  experiment,  which  was  three  times  repeated  with 
fimilar  refults,  it  appears  that  ardent  fpirit  is  well  fuited  to  afford  an  analyfis  of 
the  fatty  matter.  It  does  not  diffolve  the  neutral  falts  ; when  cold,  it  diffolves 
that  portion  of  concrete  animal  oil  of  which' the  volatile  alkali  had  flown  off,  and 
when  heated  it  diffolves  the  whole  of  the  truly  faponaceous  matter,  which  is 
afterwards  completely  feparated  by  cooling.  And  accordingly  it  was  found  that 
a thin  plateof  the  fatty  matter,  which  had  loft  nearly  the  whole  of  its  volatile  alkali 
by  expofufe  to  the  air  for  three  years,  was  almoft  totally  diffolved  by  the  cold  fpirit. 

The  concrete  oily  or  waxy  fubftance  obtained  in  thefe  experiments  conftitutes  - 
the  leading  objedt  of  refearch,  as  being  the  peculiar  fubftance  with  which  the 
other  well  known  matters  are  combined.  It  feparates  fpontaneoufly  by  the 
adlion  of  the  air,  as  well  as  by  that  of  acids.  Thefe  laft  feparate  it  in  a ftate  of 
greater  purity,  the  lefs  difpofed  the  acid  may  be  to  operate  in  the  way  of  combufl- 
tion.  It  is  requifite  therefore  for  this  purpofe,  that  the  fatty  matter  fhould  be 
previoufly  diffufed  in  12  times  its  weight  of  hot  water ; and  the  marine  or  acetous, 
acids  are  preferable  to  the  vitriolic  and  nitrous.  The  colour  of  the  waxy  matter 
is  grayifh  ; and  though  expofure  to  the  air,  and  alfo  the  adfion  of  the  aerated 
marine  acid,  did  produce  an  apparent  whitenefs,  it  neverthelefs  difappeared  by 
fubfequent  fufion.  No  method  was  difcovered  by  which  it  could  be  perma- 
nently bleached. 

The  nature  of  th.is  wax,  or  fat,  is  different  from  that  of  any  other  known  fub- 
ftance of  the  like  kind.  When  flowly  cooled  after  fufion,  its  texture  appears 
cryftalline  or  thivery  like  fpermaceti ; but  a fpeedy  cooling  gives  it  a femi- 
tranfparency  refembling  wax.  Upon  the  whole,  neverthelefs,  it  feems  to  ap- 
proach more  nearly  to  the  former  than  to  the  latter  of  thefe  bodies.  It  has  lefs 
fmell  than  fpermaceti,  and  melts  at  127  degrees  of  Fahrenheit.  Spermaceti 
required  6°  more  of  heat  to  fufe  it.  The  fpermaceti  did  not  fo  fpeedily  become 
brittle  by  cooling  as  the  other  fubftance.  One  ounce  of  alcohol  of  the  ftrength 
between  39  and  40  degrees  of  Baume’s  areometer,  diffolved  when  boiling-hot 
12  gros  of  this  fubftance,  but  the  fame  quantity  in  like  circumftances  diffolved 
eDly  go  or  36  grains  of  fpermaceti.  The  feparation  of  thefe  matters  was  alfo? 

remarkably 
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remarkably  different,  the  fpermaceti  being  more  fpeedily  depofited,  and  in  a much 
more  regular  and  cryftalline  form.  Volatile  alkali  diffolves  with  fingular  facility, 
and  even  in  the  cold,  this  concrete  oil  feparated  from  the  fatty  matter  ; and  by 
heat  it  forms  a tranfparent  folution,  which  is  a true  foap.  But  no  excefs  of  vola- 
tile alkali  can  produce  fuch  an  effedt  with  fpermaceti. 

M.  De  Fourcroy  concludes  his  memoir  with  fome  fpeculations  on  this  change 
to  which  animal  fubftances  in  peculiar  circumftances  are  fubjedt.  In  the 
Modern  Chemiftry,  foft  animal  matters  are  confidered  as  a compofition  of  the 
oxydes  of  hydrogene  and  carbonated  azote,  more  complicated  than  thofe  of 
vegetable  matters,  and  therefore  more  inceffantly  tending  to  alteration.  If  then 
the -carbone  be  conceived  to  unite  with  the  oxygene,  either  of  the  water  which 
is  prefent  or  of  the  other  animal  matters,  and  thus  efcape  in  large  quantities  in 
the  form  of  carbonic  acid  or  fixed  air  ; we  fhall  perceive  the  reafon  why  this  con- 
verfion  is  attended  with  fo  great  a lofs  of  weight,  namely,  about  nine  tenths  of 
the  whole.  The  azote,  a principle  fo  abundant  in  animal  matters,  will  form 
ammoniac  by  combining  with  the  hydrogene  ; part  of  this  will  efcape  in  the 
vaporous  form,  and  the  reft  will  remain  fixed  in  the  fatty  matter.  The  refidue 
of  the  animal  matters  deprived  of  a great  part  of  their  carbone,  their  oxygene 
and  the  whole  of  their  azote  will  confift  of  a much  greater  proportion  of  hydro- 
gene, together  with  carbone,  and  a minute  quantity  of  oxygene.  This,  accord- 
ing to  the  theory  of  M.  De  Fourcroy,  conftitutes  the  waxy  matter  which,  in 
.combination  with  the  ammoniac,  forms  the  animal  foap  into  which  the  dead 
bodies  are  thus  converted. 


ERRATA. 

Page  6,  line  22,  for  excepting  that  they  do,  read  excepting  that  itdoes. — P.  13,  1.  15,  for  refembles read  refemble.  — 
P.  29,  1.  45,  for  grinding  in  a mortar , read  grinding  it  in  a mortar.  — P.  29,  1.  50,  for  till  he  water,  read  till  the  water.. 
— P.  40.  1.  43.  for  Ether  Nit  rou  s,  read  Eth  eR  only. — P.  45,  1.  15,  for  liquid  pbofpberous,  read  liquid  acid  of 
*hofphorus. — P.  101,  1.  44,  for  however  but  that  men,  read  however  that  men.  — P.  104,  1.  13,  for  if  not,  read  if  it  doer. 
— P.  125,  1.  26,  after  Fermentation,  read  alfo  Putrefaction. — P.  145,  1.42,  lot  have  not  as  yet,  read 
did  not. — P.  172.  Mr.  Morveau  has  fince  publilhed  foine  corrections  of  this  table.  They  are.  Ponderous  earth 
and  vitriolic  acid  66.  Ponderous  earth  and  acetous  acid  28.  Marine  acid  and  the  following,  viz.  min.  alk.  31 ; 
lime  24 ; vol.  alk.  21  ; magnefia  22  ; argill.  earth  1-8. — P.  193,  1.  17,  for  the  beam  will  be,  read  the  beam  will  weigh. — 
P.204,  1.  11,  for  lotne,  read  lime. — P.228,  1.  34,  lot  here  read  Bengal.—  P.  239,  1.  9,  for  were,  read  are.— P.  267, 
I.35,  for  acid  water,  read  acid,  water. — P.  29?,  1.  46,  for  miply,  read  imply. — P.298,  1.  23,  for  they  ferve  as  inter- 
medium, read  far  they  Jerve  as  an  intermedium. — P:309,  1.  45,  for  coloured,  read  calcined. — P.  351,  1.  16,  for  a Jiate  of 
perfection,  read  its  Jiate  of  perfection.— P.  331,  1.  44,  for  referable,  read  referrable. — P.  371,  1.  48,  for  or  to  that  which 
eaufes  it,  read  and  to  that  which  caufes  it. — P.373,  1.  14,  lot  have  been  obfcrved,  read  has  been  obferved. — P.375,  1.  g, 
for  that  the  expanjions,  read  Jhews  that  the  expanfions. — P.398,  1.  50,  for  Ph  logistics,  read  Phlogiston. — 
P.  406,  1.  7,  for  vita  lair,  read  vital  air. — P.416,  1.  30,  for  falls,  read  fnlts. — P.424,  1.  24,  for  Jelly,  read  Gelly. 
— P.428,  1.  10,  for  Bartholate,  read  Berthollet. — P.485,  1.  14,  lot  precipitating,  stub  precipitate. — P.587,  1.  41  and 
48,  for  turgere,  read  tuyere. — P.627,  h *7>  for  litmus,  read  litmus. — P.  628,  1.  17,  after  grains,  dele  as  we  fall  pre- 
fentlyfnd. — P.  641,  I.33,  lot  maintained,  read  maintain. — P.  642,  1.  1,  lot  us  then  fay,  they,  read  us  then,  fay  they.— 

P.655,  I0»  lot  ref  nous,  read  urinous. — P.760,  1.  6,  for  latter,  read  fery  fiream P,  765,  1.  30,  for  Rork’s,  read 

Born's.—  P.  839,  in  the  note,  for  Keir,  read  Here.  — P.  851,  1.  30,  for  Alkaline,  read  Alkali.— P.  983,  1.  24,  far. 
fa  id,  read  felt. 
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Aqua  marine,  or  augites 

- 

I4I 

Aqua  regia,  orregis,  iti  compofition 

and  me- 

thod  of  obtaining 

- 

HI 

Aqua  fecunda  - - 

- 

I42 

Aqua  vitae 

- 

I42 

Aquila  alba 

- 

I42 

Arabic,  gum 

- 

142 

Arable  lands 

- 

I42 

Arbor  Dianas,  method  of  preparing  accord- 

ing to  Lemery  and  Homberg.  See 

Precipitates 

- 

HS 

Arcanum  corallinum 

- 

144 

Arcanum  dnplicatum 

- 

144 

Archil,  or  atchilla 

- 

144 

Ardent  Spirit.  See  Spirit  ardent  or  of  Wine. 

Argillaceous  earth.  See  Earths. 

Armenus  lapis,  or  Armenian  done 

145 

Aroma 

- 

146 

Aromatics 

146 

Arrack  - - 

- 

146 

Afenic,  its  properties  and  habitudes 

146 

combinations 

- 

i47 

ufes 

- 

148 

as  a flux 

- 

813 

as  a reagent 

J 

103° 

Arum 

- 

148 

Afafoetida 

- 

148 

Albedos  or  abefhus,  two  kinds  of,  according 

to  Crondedt 

- 

149 

Afhes 

- 

149 

of  vegetables,  alkaline 

679 

Afphaltum 

*49> 

203 

Afpic 

- 

150 

Aday  or  effay  of  gold  and  diver 

150 

Adringent  principle 

- 

153 

Athanor 

- 

15  3 

Atmofphere.  See  Air  atmofplierical, 

Attra&ion 

- 

JS3 

chemical,  whether  didinCt  from  gravi- 

tation  - 

- 

154 

of  aggregation 

- 

elefti  ve,  elective  dm  pie  and  elective  double 

»57 

tables  of 

. 

166 

Augites.  See  Aqua  Marina 

Aurora  Borealis 

-• 

498 
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Aurum  fulminans. 
Aurum  muffivum,  or 

See  Gold. 
Mofaicum 

Page 

1.87 

Avidity 

- 

- 

188 

Azure 

- 

- 

189 

Balance 

B. 

189 

Balances,  account  of  feveral 

192 

Balls,  martial 

. 

196 

mercurial 

. 

196 

Balafs,  or  Balais  ruby 

~ 

196 

Balloon 

. 

196 

Balloon,  air,  or  aerodatical 

196 

Balm  of  Canada 

_ 

778 

Balfam 

_ 

197 

of  Copahu 

- 

■ a 

778 

of  Mecca 

. 

.a 

777 

of  fulphur 

- 

- 

197 

Barytes..  See  Earth,  ponderous. 
Barbadoes  tar  •• 

197 

Bafaltes 

.. 

197 

Bads  or  bafe 

198 

Bath 

198 

Bdellium 

. 

199 

Bee-glue 

- 

199 

Beer 

- 

199. 

Belly 

- > 

200,  954 

Bellows  for  fmelting 

- 

954 

Bell-metal 

. 

200 

Ben,  oil  of 

. 

200 

Benjamin  or  Benzoin 

- 

200 

acid  of 

. 

15 

Beryl 

201,  694 

Bezoar  mineral 

.. 

201 

Bilberry,  acid  from 

- 

969 

Bile.  See  Gall. 

Bifmuth,  its  characters  and  habitudes 

201 

folution  in  acids 

. 

' . 

202; 

combinations  and  ufes 

. 

202 

Bidre 

- 

203 

Bittern 

- 

- 

203 

Bitumen 

Blacknefs  - - - 

Black  Jack.  - - 

Black  lead.  See  Plumbago. 

Black  wadd  - 

Bleaching  - 

modern  improvements  by  the  aerated 
marine  acid 

Blende 

Blood  - 

Blow-pipe,  general  faids  relating  to  the 
analyfis  with  this  indrument 
Blue,  Pruffian,  method  of  obtaining 
Saxon  — 

Bodies,  their  component  parts  or  principles 
Bog  ores 

Born,  Baron,  his  procefs  of  amalgamation 
Bovey  coal 
Bramble,  acid  from 
Brandy  - 

Brafs  - - 230,  274 

Braffica  rubra,  Mr.  Watt’s  method  of  pro- 
curing a teft  from,  for  acids  and  alkalis  231 
Brazil 


203 

204 

205 

205 

205 

208 

'217 

217 

218 
226 
226 
720 
226 
569 
230 
969 
23° 
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Bole 
Bolognian  ftone 


Button 
By  ffus 


Page 

Brazil  wood,  aft  ion  of  acids  on  its  colour  233 
its  application  to  the  art  of  dyeing  233 

227 
227 

Bone  ...  227 

Borax,  accounts  of  its  origin  - 227 

purified,  its  characters  - 229 

the  method  of  refining  in  Holland  942 
Bread  - - 237 

Breccia  - - - 238 

Brick  - - - 238 

Erickmaking,  Bergman’s  obfervations  on  the 

art  of  - - 239 

Erimftone.  See  Sulphur- 
Brocatello  - - - 240 

Bronze  - - 240 

Butter  - - - 241,  500 

of  antimony  - - 241 

arfenic  - - - 241 

cacao  - - 241,  534 

tin  - 242 

242 
242 
242 
C. 

Cacao,  butter  of  - - 241,534 

Cabochon  - - 242 

Cacholong  - - - 242 

Cadmia  - ..  242 

Casruleum  montanum  - - 243 

Calamine  - - - 24 3,  613 

Calcareous  earth.  See  Earth. 

Calces, metallic  - - 243,  813 

Calcination  - - 130,  243 

Calculi,  biliary  - - 899 

inteftinal  - . 899 

falivary  - - - 901 

Calomel,  the  preparation  of  - 488 

Calx,  metallic.  See  Calces,  alfo  Calcination. 

Call  - - - 244 

Cameleon  mineral  - - 244 

Camomile  - - 1 244 

Campan  marble  * - - 245 

Camphor,  its  habitudes  - - 246 

acid  from  . - - 970 

Candle.  See  Light,  alfo  Lamp. 

Can  n el  coal  - - • 246 

Cantharides  - - 247 

Caoutchoue,  or  elaftic  gum  - 368 

Cap  ...  247 

Capacity.  See  Heat.  - 

Capital  - - - 247 

Caput  mortuum  - - 247 

Carbuncle  - - 247 

Cardamom  - - - . 248 

Carduus  benediftus  - - 248 

Carline  thiftle  - - 248 

Carmine  - - 248 

method  of  preparing  - 436 

Carnelian  - - 248 

Carpolithi  - • 248 

Carthamus  - - 248,  789 

Cafe  hardening  » - 248 

Caryophylloides  - - 249 


250, 
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Cafia  fiftularis 
Cafia  lignea 
Caftor 
Cats’  eye 
Cauftic  (common) 

Cauftic  lunar 
Caufticity  ' - 

Cawk 

Cement  copper 
Cementation 
Centaury 

Cerufe,  or  white  lead 
of  antimony 

Chalcedony,  or  white  agate 
Chalk  . 6 

Chalk  red 
Chalk  Spanifii 
Charafters  chemical 
Charcoal 

produced  from  fixed. air 
abforbs  elaftic  fluids 
its  purifying  quality 
Chatoyant 
Cheefe 
Chemiftry 

Chemifts  modern  antiphlogiftian,  the  doc- 
trine of  - 

Cherry,  acid  from  - . 

Chert,  or  chertz 
Chryfocolla  - 

Chryfolite 
Chryfoprafe 
Cinnabar,  method  of  decompofing  its  pre 
its  analyfis 

manufactory  of  at  Amftcrdam 
Cinnamon,  oil  of 
Cipolin  - 
Circulation  - . 

Circumcifion-ftone 
Citrons,  acid  from 
Civet  - 

Clay.  See  Earth  Argillaceous, 
its  habitudes 

Cloths,  fine  linen,  the  method  of  bleachino- 
Cloves  - - ° 

Clyflus 

Coal  - - - 

pit,  owes  its  origin  to  the  decompofi- 
tion  of  vegetable  bodies 
Coating,  or  lorcation  - 

glafs  veflels,  the  materials  of 
Cobalt,  its  charafters  and  habitudes 

folution  in  acids,  combinations  and  ufes 
Cochineal,  its  charafters  and  habitudes 
ufes  in  dyeing 
Cockle 

Coffee,  acid  from 
Cohefion 
Cohobation 
Coke.  See  Coal. 

Colcothar 
Cold 

Colophony,  or  rofin 
Combination 
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249 
249 
249 
249 
249 

249 

250 
250 
250 
250 

250 

439 

251 

251 

25X 

25t 

251 

-2SI 

252 
1097 
.1098 
1099 

2 54 
354»  5 00 
54 


641 

970 

255 

255 

694 

25i 

256 
489 

257 

258 

259 
151 
259 
970 

259 

223 

206 

260 
260 

260 

261, 

261 

J33 

262 

264 

265 
z66 
267 
970 
267 
267 


- 267 
267 

- 267 
*55*  268 

Combuftion 
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Page 

Combuftion 

- 

268 

fpontaneous 

- 

756 

Competitions  which  take  fire  on  expofure 

to  the  open  air,  enumeration  oi 

756 

Concentration 

131,  269 

Condenfation 

- 

269 

Cone,  melting 

- 

266 

Congelation 

- 

269 

Contrayerva 

- 

270 

Copal 

- 

270 

Copper,  its  characters  and  habitudes 

270 

combinations  , 

- 

271 

alloys 

- 

273 

ores 

273>  5S9 

ufes 

- 

275 

Copperas  * 

- 

275 

Coral  and  Coraline 

- 

275 

Cork  ... 

- 

275 

acid  of 

- 

275 

foffil 

- 

276 

■ mountain 

- 

149 

Coro-fhut  marie 

- 

276 

Corrofive  fublimate 

- 

276 

Cotton,  the  method  of  dyeing  it  a violet  colour  729 

Countries 

- 

276 

Cranberry,  acid  from 

- 

970 

Cream  of  lime 

- 

276 

Cream  of  milk 

- 

277 

Cream  of  tartar,  method  of  preparing 

277 

Crimfon.  See  Dyeing. 

Crocus 

- 

277 

Crucibles  ' - 

277 

Mr.  Pott’s  compofitions  for 

680 

r. method  of  making 

685 

for  vitrification,  their  conftruCtion 

805 

Cryftal 

- 

277 

factitious 

- 

277 

mineral 

- 

277 

rock  - - 

- 

278 

Cryftallization,  confufed  and  regular 

279»  983 

Cucurbit 

- 

*3* 

Culm  - 

- 

282 

Cupel 

- 

282 

Cupellation 

150, 282 

Curd 

- 

282 

Currants,  red  and  white,  acids  from 

970 

D. 

Damps 

- 

282 

Daze,  or  Glimmer 

- 

283 

Decantation 

- 

283 

DeeoCtion 

283 

Decompofition 

- 

283 

Decrepitation 

- 

283 

Delft  ware 

- 

283 

Deliquefcence  - ’ 

- 

284 

Deliquium 

- 

285 

Demi-metal 

- 

285 

Dephlegmation 

- 

285 

D ephlogifticated 

- 

285 

Dephlogifticated  air.  See  Air,  vital. 

Derbymire  Ipar 

- 

285 

Deftruftive  diftillation 

- 

28; 

Detonation 

- 

285 
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Dew 

. 

286 

Diamond 

286, 

, 688 

Diana,  tree  of  « 

839 

Diaphoretic  antimony 

287 

Digeftioa  - » 

, 287 

Digeftive  fait 

287 

Digeftor 

287 

Diftillation,  per  afcenfum,  per  "defcenfum, 

et  per  latus 

288 

Dittany  of  Crete  - ' 

288 

Divifion 

289 

Docim&ftic  art 

289 

Dome 

289 

Doronicum 

280 

Dragon’s  blood 

289,  780 

Drake,  or  Drufe-hol 

289 

Drop,  Prince  Rupert’s 

289 

Drying  oil  - 

289 

Duftility 

289 

Duckftein 

290 

Dulcification 

290 

Dyeing 

290 

of  wool  and  filk 

293 

Berthollet’s  theory  of 

296 

E. 

Earth 

* 

298 

adamantine 

299 

animal 

- 

299 

argillaceous 

- 

299 

calcareous  pure,  the  method  of  obtain- 

ing 

- 

300 

Fullers’ 

- 

301 

Lemnian,  its  character  and  habitudes 

302 

Ofmundic 

. 

302 

Fullers’  Hampfhire  - 

. 

302 

fufible  of  Wedgwood 

- 

3°4 

gypfeous 

- 

3°5 

of  the  Jargon 

- 

306 

Lemnian,  or  terra  Lemnia 

306 

Mercurial 

. 

306 

Magnefian,  method  of  obtaining 

307 

its  habitudes  and  combinations 

308 

ponderous,  method  of  obtaining 

3°9 

porcelain 

- 

310 

iiliceous,  its  chara&ers 

- 

310 

habitudes  with  the  blow  pipe 

223 

vegetable,  its  ufes  in  the  formation  of 

plants  according  to  Chaptal 

3” 

vitrifiable 

- 

312 

worms 

- 

312 

Earths,  Kirwan’s  examination  of 

119 

abforbent 

. 

1028 

derivative,  their  enumeration 

224 

ochreous 

. 

511 

primitive,  habitudes  of 

- 

222 

Eau  de  Luce 

. 

313 

Echini 

. 

313 

Edulcoiation 

. 

313 

Effervefcence 

. 

3J3 

Efflorefcence 

- 

3*3 

Eggs 

- 

3H 

of  birds 

« 

502 

. 7 D 

Elder- 

112  2 
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Elder-berries,  acid  from 

Page 

V71 

Elecampane  - 

3?4 

Eledlrum.  See  Amber. 
Elements  - - 

3 *5 

Eiiquation 

3*5>  440 

Elutriation 

3*5?  940 

Emerald 

315,  695 

Emery 

316,  580 

Empyreuma  - 

316 

Emullion  - - 

3i6 

Enamelling,  the  art  of  - 

318 

Ens  Martis 

320 

Veneris  - - 

32° 

Entrochi  - - - 

32° 

Eelipile 

1014 

Effay.  See  A flay. 

Effences  - - 

32° 

Ether  - - 

320 

Ether  acetous,  method  of  preparing 

3H 

formic  - - 

325 

marine  - 

324 

nitrous,  Dr.  Dehne’s  method  of  making  322 

faccharine  - 

325 

febaceous 

325 

vitriolic,  method  of  preparing 

320 

its  habitudes 

321 

benzoin  - - - 

325 

theory  of  - 

325 

Ethiops,  martial 

326 

mineral  - 

326 

Etna,  its  height 

1009 

Evaporation 

-131,  326 

Eudiometer,  defcription  of,  and  method  of 

ufing 

327 

Euphorbium 

328 

Excrements 

329 

Expanfion 

329 

Expreffion  - - - 

33° 

Extradl  - - 

33° 

F. 

Farina.  See  Bread. 

Fat  - 1 - 

33i 

Feathers 

331 

Felt  fpar  - 

33i 

Felting,  obfervations  of  Mange  on 

J062 

Ferment  and  fermentation 

332 

Fermentation,  vinous 

333 

Lavoifier’s  tables  of  its  products 

881 

-acetous,  the  leading  fadts  of 

99° 

Filtration  - - 

334 

Fire  - 

334 

Fifh  - 

334 

Fixity  * - 

334 

Flame  - 

334 

Flint 

335 

Floor  - 

336 

Flour 

336 

Flowers  - - 

336 

of  vegetables 

336 

Fluidity  - - 

336 

Fluids,  permanently-  "elaftic,  charadteriftic 

properties  of  - 

97 

Fluor  - 

337 

fpar  - 

337 

6 

Flux 

alkaline 

black  and  white 
of  Morveau 
of  Scopoli 
Forge  furnace 
Freezing  procefles 
Fritt 


Page 

337 

337 

337 

338 
496 
338 
37S 
338 


on  the  operation  of  the,  in  making  glafs  817 
Fruits,  of  vegetables  , - - 338 

Fuliginous  - . - 338 

Fulling,  mechanifm  of  1062 

Fulminating  and  fulmination  - 338 

Furnace,  See  Apparatus. 

for  open  fire  - - J34 

blaft  and  wind  - - 134 

enameller’s,  defcription  of  - 318 

for  caft  iron,  the  German  method  of 


conftrudling 

Furnaces,  neceffary  for  a laboratory, 

for  vitrification,  their  conftrudlion 
Fufibility  - 

Fufion 

G. 

Galangal 

Galbanum  - 

Galena  - 

pfeudo  - 

Gall  of  animals  - 

Galls.  See  Acid  of  Galls. 

Galley  - 

Gamboge  - - 

Gangue  - 

Garnet  ... 

Gas  - - 

Gaftric  juice,  method  of  obtaining 

Geanthrax.  See  Peat. 

Gelatinous  matter,  or  Geliy,  or  Jelly 
Gems  - . - 

Geranium  acidum,  acid  from 
Gilding,  methods  of  performing 
Ginger  ...  - - - 

Ginfeng  - 

Girafole  - 

Glacies  Marias 

Glafs,  its  antiquity  and  component  parts 
converfion  of,  by  Reaumur,  into  porce. 

lain  - . 355,  675 

making,  Loyfel  on  the  art  of  804 

the  fubftances  proper  to  purify  815 

the  annealing  of  - - 819 

GlafRs  achromatic.  - - 353 

Glaze  - - - 683 

356 
356 
657 
356 

356 

357 
357 
'357 

77>  3S8 
56S 
151,  361 
Goofeberry, 


587 
43i 
805 
339 
[3*»  339 


339 
34° 

340 

341 

341 

343 

343 

344 
344>  697 

344 

344 

346' 

347 

971 

347 

349 

349 

349 
35° 

350 


Glauber’s  fait 
Glimmer 
Glow-worm 
Gluten,  vegetable 
Glue  - 

Gneis  - . - 

Gold,  its  charadters  and  habitudes 
combinations 
fulminating 
ores  - - 

purification  of 
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Goofebeny,  acid  from 

. 

971 

Granite 

- 

3^3 

its  degradations  and  fubfequent  changes  507 

Granitone 

- 

363 

Granulation  - - 

- 

363 

Grapes,  acid  from 

- 

971 

Grafs-roots,  acid  from 

- 

971 

Gravity 

- 

364 

fpecific,  table  of 

- 

366 

of  folids,  how  determined 

- 

365 

Great  work  - 

- 

367 

Greek  fire  - 

. 

783 

Gritt-ftone 

- 

367 

Growan  1 

- 

367 

Guhr 

- 

367 

Gum 

- 

367 

Adragant  or  Tragacanth 

- 

367 

Arabic 

- 

367 

elaftic 

. • 

367 

refin 

- 

368 

Seneca  or  Senegal 

. 

3^7 

tragacanth,  acia  from 

. 

972 

Gums,  acid  from 

97r 

diftillation  of  - 

. 

1 106 

Gunpowder,  its  compofition,  gi 

•anulation, 

and  detonation 

- 

369 

Gypfeous  earth,  or  gypfum 

- 

37o 

Gypfum 

- 

39i 

H. 

Hair 

„ 

37° 

Hardnefs  • 

- 

37  0 

Haw,  acid  from 

. 

972 

Heat  - 

. 

37i 

definition  of 

. 

372 

proportions  in  bodies  of  the 

fame  tem- 

perature 

375 

comparative  of  fpecific 

- 

376 

table  of 

. 

381 

the  degree  requifite  for  the  furnaces  of  a 

glafs-houfe 

- 

810 

Hederse  gum 

- 

382 

Heliotropium 

- 

382 

Hellebore 

_ 

383 

Hematites 

. 

580 

Hepar 

- 

3 83 

Hepatic  air.  See  Air  hepatic. 

Homberg’s  phofphorus  - 

- 

383 

Honey 

- 

384 

acM  from 

972 

Hoofs  of  animals  - 

- 

384 

Hops  - 

- 

384 

Horn 

. 

384 

Hornblende,  or  hornftone,,  its  general  cha- 

rafters 

_ 

384 

Hours,  mineralogical 

. 

385 

Hyacinth  - 

- 

696 

Hydrogene 

- 

385 

Hydromel 

- 

385 

Hydrometer 

- 

385 

of  Fahrenheit,  defcription  of 

386 

of  Baume 

- 

388 

method,  by  which  all  hydrometers  may 

be  made  to  agree 

- 

387 

Hydrophanes 

- 

389 
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See  Light. 

See  Afbeftos. 


I. 


Ice 

Iceland  fpar 
Ichthyocolla 
Ignis  fatuus 
Illumination. 

Incineration 
Incombultible  cloth. 

Incruftation 

Indigo,  method  of  preparing 
its  habitudes 

analogous  to  Prufiian  blue  according 
Bergman 

theory  of,  Berthollet 
Infernal  ftone 

Inflammable  air.  See  Air  inflammable. 

principle.  See  Phlogifton. 
Inflammation  of  oils.  See  Acid  nitrous. 
Infufion 

Ink,  black  and  red 

the  three  principal  kinds,  Indian, 
printers’,  and  writing 
compofition  of  Indian  ink 
printers’  ink 
common  ink 
red  - 

fympathetic 

Infefts  - . 

, Inftruments  chemical  - . 

Intermedium,  or  medium 
Iron,  its  charafters 

decompofed  by  water 

acid  folutions  - „ 

habitudes  with  fulphuc 

' phofphorus 

metallic  combinations  - , 

ores,  and  their  treatment 
converfion  into,  fteel 
combuftion  in  vital  air 
cold  fl.iort 
red  lhort 

See  Steel,  alfo  Ores  of  iron. 

Ifinglafs,  manufacture  of 
Ivory  - 


412, 


J- 

Jacinta  la  bella 

Jack,  black 

Jade,  its  charafters 

Jalap  . 

Japan,  earth 
Jargon 

Jafpachates.  See  Jade. 

Jafper,  its  compofltion  and  habi tildes 
Jelly  - ; - 

Jefuits’  bark.  See  Peruvian  bark. 

Jet . - - 

Jews  Pitch. " See  Afphaltum. 

Juices  of  Plants  - 

method  of  clarifying  . 


K. 


Kali 
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392 

393 
393 

393 

393' 

394 

394 

395 

397 

397 

398 


399 

399 

399 

399 

399 

40! 

4°3 

4®4 

404 

4°4 

404 

4°4 

4°? 

408 

409 

410 
410 
578 
41 3 
645 
590 
590 

4i7 

420 


42  i 
421 
42 1 

421 

422 

423 

42  3 

424 

204 

425. 

426 


‘ 42  6 
Kanel 
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Kanel  Goal.  See  Cannel  coal. 

Kaolin  - - 

Karabe,  orCarabe.  See  Amber. 

Karat 

Kedria  terreftris 
Keffekil 

Kermes,  mode  of  gathering  according 
Chaptal 

application  to  the  art  of  dyeing 
Mineral.  Sec  Antimony. 

Killas 

Kingdoms  - 

Knowledge  folid,  the  firft  ftep  to 
Kolmord,  marble 
Kupfer,  nickel.  See  Nickel. 

L. 

Labdanum  - 4 

Laboratory,  flcetch  of,  from  Macquer 
Labrador  Hone 
Lac,  or  Lacca 
its  habitudes 
white,  experiments  and  obfcrvations 
on  - 

its  analyfis 

its  contents  when  purified 
Lacmus.  See  Archil. 

Lacquer.  See  Varnifh-. 

Lake,  carmine,  florentine,  and  madder,  me- 
thod-of  preparing 
Laminability 
Lamp.  See  Light. 

ofArgand,  defcription  of 
Lamp  black 
Lapis  armenus 
hepaticus 

Lapis  infernalis.  See  Infernal  ftone. 

Lapis  lazuli 
lydius 

nephriticus.  See  Jade, 
obfidianus 
ollaris 
fpecularis 

fuillus.  See  Lapis  hepaticus. 

Lava.  See  Volcanic  produdts. 

Laudanum.  See  Opium. 

Lazuli,  lapis.  See  Lapis  lazuli. 

Lead,  its  charafters- 

faline  and  other  compounds 
its  advantages  in  the  refining  of  gold 
and  filver. 
metallic  compounds 
ores  and  their  treatment 
Leather 

mountain  - » 

Leaves  of  plants 
Lees,  foap.  See  Alkali  fixed,  alfo  Soap, 
Lemnian  Earth.  See  Earth,  fullers. 
Lemons  - 

LeontodoR  taraxacum,  acid  "from- 
Levigation  - 

Libavius,  liquor  of 
Light,  differs  from  heat 

various  refrangibility  of  its  ray* 
its  extreme  velocity 


Page 

Page 

Light,  the  fix  different  circumflances  under 

427 

which  it  comes  to  our  eyes 
its  effedts  in  chemical  experiments 

445 

445 

427 

its  produftion  by  inflammation 

446 

427 

almoft  abfoluteLy  neceffary  to  the  life  of 

427 

plants 

965 

to 

Lime  - - 

448 

428 

Linen,  foffil 

448 

428 

Linens,  common,  the  method  of  bleaching 

as  pradtifed  in  Anjou 

208 

429 

Linfeed.  See  Oil. 

429 

Liquefadlion 

449 

506 

Liquid,  amber 

449 

429 

Liquor  of  flints 

Liquor  of  Libavius.  See  Tin. 

449 

Liquorice 

450 

Lithanthrax 

45° 

Litharge  - - 438, 

450 

jo,  779 

Lithology  - - 

45 1 

43° 

Lithomarga,  or 

43  5 

Lithomarge,  its  general  chara&ers  according 

43 5 to  Cronftedt 

436  L itmus.  See  Archil  and  Heliotropium. 
Liver  of  antimony 

I039  Liver  of  arfenic.  See  arfenic. 


302 


45 1 


1041 

Liver  of  fulphur,  its  compofition  and  habi- 

i°43 

tudes  - - 45 1,. 

1030 

barytic 

45l 

mag-nefian 

45 1 

, me- 

calcareous 

452 

436 

alkaline 

453 

290 

See  Air  hepatic 

ftone.  See  Lapis  hepaticus. 

447 

Lixivial  - ; - 

454 

437 

Lixiviation  - - 

454 

560 

Lixivium  - - 

454 

437 

Loadftone  - - 

454 

Loam  ... 

454 

437 

Lodeftone  - - 

454 

438 

Logwood,  its  chara&ers 

454 

application  to  the  art  of  dyeing 

45  5 

438 

Ludus  Helmontii  - 

456 

438 

Lumachella 

456 

438 

Luna  - - 

456 

Luna  cornea  - 

45  6 

Lunar  cauftic 

45  6 

Lute  - - 

456 

Lycopodium 

457 

438 

439 

M. 

gold 

Mace  - 

458 

774 

Maceration  ... 

458 

440 

Madder,  method  of  its  preparation  for  dye- 

44i, 

593 

ing,  according  to  Berthollet 

459 

442 

beft  Zealand,  Mr.  Watt’s  experiments 

149 

on 

46  r 

442 

De  la  Folie’s  procefs  for  employing  it 

>ap. 

„ in  dyeing 

463 

procefs  of  Mr.  Guliche,  for  dyeing  filk 

442 

with 

464 

972 

Mr.  Vogler’s  procefs  of  dyeing  wijh 

466 

444 

procefs  of  dyeing  the  Adrianople  or  Tur- 

938 

key  Ted  with,  according  to  Berthol- 

380 

let  - 

470 

444 

Magiftery  - - 

477 

445 

of  bifmuth 

477 

Magiftery, 
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478 


Magiftery,  coral 
fulphur  of 

Magnefia.  See  Earth  magnefian. 

black  - 478 

Magnet  - - - 478 

Magnetifm  • - 478 

Malachite  ...  479 

Malleability  - - - 290 

Manganefe,  its  properties  and  habitudes  479 
combinations  with  acids  - 480 

ores  and  their  treatment  481,  595 

Manna  - - 482 

acid  from  - - 972 

Marble  - - - 483 

Marcafite  - - - 483 

Margodes  - - 483 

Marie,  its  fix  forts  - - 483 

Marmor  metallicum.  See  Spar  ponderous. 

Mars  ...  484 

Mafiicot  - - 484 

Maftic  - - 484,  779 

Matches,  phofphoric  - - 656 

Matrafs.  See  Apparatus. 

Matrix  - - 484 

Matt  - - 484 

Matter  - - 484 

Meafures  - - - 484 

Mecca,  bal'fam  of  - - 778 

Melaffes  - - 484 

MenHruum  - - 156,  484 

Mercury,  its  chara&ers  and  habitudes  485 

red  calx  of  - - 488 

its  combinations  . - - 489 

ores  and  their  treatment  489,  598 

of  the  philofophers  - - 490 

commerce  of  - - 765 

Mercurification  - - 490 

Metals,  their  charadters  491 

perfect  and  imperfedt  - 492 

femi-  - 492 

their  affinities  - - 492 

where  moft  abundant  - 492 

the  methods  of  obtaining  from  ores  492 
theory  of  their  calcination  and  reduc- 
tion - - 493 

their  mixtures  - - 493 

faline  compounds  - 494 

general  fadts  relative  to  their  combuf- 
tion  - - 494,  642 


1125 
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1 55: 


Mines, conjedtural  remarks  on  their  formation  c c 1 
Minium 

Mirabile  fal  *- 

Miracle,  chemical 

Mirrors.  See  Speculum  5 alfo  Silvering'. 
Mifpickel  - - . 

Mixture 

Mocha,  orMocho  Hone 
Mock  lead  - - 

Molybdena 
Moon-Hone 

Moor-Hone.  See  Granite. 

Mordants,  the  effedl  of  in  printing,  accord 
ing  to  Berthollet 
Mortar.  See  Lime. 

Mofaicgold.  See  Aurum  Mufivum  ; alfo  Tin.. 
Mofs.  See  Archil. 

Mother  water,  or  mother-ley  - co6 

Mould.  See  Arable  land  j Earth,  Vegeta- 
ble and  Marie. 

Mountains  - . 

their  principal  changes  and  various  mo- 
difications 
calcareous 


-5°3 

5°4 

5<=4 

504 
5°5 
5°5 
5°  5 
5°5 
5 PJ. 


294 


506 


of  fecondary  fchillus 
Mountain  blue 
green 
Mucilage 
Muffle 

Mulberries,  acid  from 
Mumia  - . 

Muriat,  corrofive  mercurial,  Boulduc’ 
cefs  for  obtaining 
Muriatic  acid.  See  Acid  marine. 
Mufcovy  glafs 
Mullr.  See  Civet. 

Mull 

Myrrh 

N. 

Naphtha  - 
Nard,  Indian,  or  fpike-nard 
Natron,  or  Natrum 
Nautilites 

Nephritic-Hone.  See  Jade. 

Nephritic  wood  . 

Neutral  falts 

Nickel,  its  charadters  and  habitudes 


pro- 


5°7 
5C  9 
5 10 
5i  £ 
5U 
965 
512 
972 
512 

9°  5 


5i2j 


10  54. 

512 
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their  phlogiflon 

7°9 

Nihil  album 

Metallurgy 

494 

Nitre,  where  produced 

Meteors,  and  Meteorology 

497 

method  of  obtaining 

Metheglin 

499 

its  habitudes 

Mica,  its  charadfers  and  habitudes 

499 

purification  by  charcoal 

Microcofmic  fait  n — 

499 

alkalifed 

Mild  alkalis  or  earths  - , - 

499 

ammoniacal 

Milk  of  the  cow,  its  properties 

500 

calcareous  - - 

fugar  of  - 

coo 

cubic,  or  quadrangular 

Millipedes 

5C2 

fixed,  or  alkalifed  by  coals 

Mineral,  three  Hates  of  a - 

497 

by  metals 

Mineralogy  and  Minerals 

502 

by  tartar 

Mineralizer  - - 

5°3 

beds  - - 

Mines.  See  Metallurgy. 

Nitres  metallic.  See  the  Metals. 

biHorical  Iketch  of 

55* 

Nitro-muriatic  acid.  See  Aqua  regia.. 

513 

51 4 
51 4 
5*4 

5*4 

5*4 

5*4 

599 

516 

516 

516 

5*7 
1 106 

5'7 

5*7 

5*7 

518 

518 

518 

5*9 

51.6 


Nitrous; 
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Nitrous  acid.  See  Acid  Nitrous. 

Ores  of  cohalt  . 

. 

558 

Air.  See  Air  Nitrous. 

Ores  of  copper  . - 

. 

559 

Noble  metals 

- 

5r9 

copper  azure 

. 

561 

Nomenclature 

- 

5'9 

copper  blendofe  and  bituminou 

8 

562 

of  Bergman 

- 

520 

_ calciform  blue 

_ 

559 

of  the  antiphlogiftian  chemifts 

522 

green 

- 

559 

Norka 

- 

530 

. grey 

- 

56r 

Nutmegs 

- 

53° 

red 

- 

559 

Nux  vomica  , /•  - 

- 

53° 

reduction  of,  according  to  Cramer 

562 

O. 

flaty 

- 

562 

vitreous 

- 

560 

Oak 

- 

531 

yellow 

- 

561 

Ochre 

- 

53 1 

Ores  of  gold 

- 

568 

Oculus  mundi.  See  Hydrophanes. 

procefs  of  amalgamation  according  to 

Odour.  See  Smell,  principle  of 

- 

53i 

Baron  Born 

. 

569 

Olfa  Alba,  or  Offa  Helmoncii 

- 

53i 

Ores  of  iron 

. ' 

578 

Oil,  its  dillindlive  charadfeis 

- 

53 1 

analyfis  of 

. 

5- 2 

decompoled  by  fire 

- 

53i 

native 

- 

579 

Oil  of  almonds,  fweet 

- 

533 

black  -or  fteel  ore 

- 

579 

antimony  | - 

- 

540 

calciform 

- 

579 

arfenic  • 

- 

540 

cryftallized  - - 

- 

580 

ben  * 

- 

533 

earthy  ' - 

- 

579 

carnations 

534 

guy 

- 

581 

hemp-feed 

- 

534 

fpecular  ; white,  pyritical; 

hepatic, 

lead 

- 

54i 

. gray ; glimmer,,  blue 

- 

581 

lint-feed  f 

- 

534 

fmelting  of 

- 

582 

mercury  - j 

540 

method  of  allaying  according  to  Cramer 

590 

olives  - f - 

- 

533 

and  Gellert 

- 

592 

fulphur  - 

- 

54i 

Ores  of  lead,  native 

- 

593 

tartar  by  delirium 

- 

54i 

vitriolic  ; phofphoric  ; arfenical 

594 

turpentine 

- 

778 

calciform 

- 

594 

Venus  - 

- 

54i 

fulphureous 

- 

594 

Vitriol 

- 

54i 

method  of  fmeltingl 

- 

595 

Oils,  fat,  their  properties  and  compounds 

532 

Ores  of  manganefe,  native 

- 

595 

animal 

- 

533 

calciform 

- 

596 

vegetable  s 

- 

533 

white ; red 

- 

596 

volatile  or  elfehtial 

534: 

> 539  ' 

black 

- 

597 

table  of 
Ointment 
Oleo  -faccharum  ' 

Olibanum  - 

Olives,  method  of  obtaining  the  oil  of 
Ollaris  lapis.  See  Lapis  Ollaris. 

Onions  - 

Onyx 
Opal 

Opium  - 

Opobalfam 
Opodeldoc 
Opopanax 
Orange 
Ores 

general  method  of  allaying 
calciform  and  mineralized 
where  found  * - 

Ores  of  antimony,  their  appearances  before 
the  blow  pipe 

native,  calciform,  fulphureous,  and 
arfenical 

Ores  of  arfenic,  where  found  _-„s 

method  of  analyfmg  according  to  Berg 
man 

Ores  of  bifmuth 


.535  | 

Ores  of  mercury 

598 

54i 

procefs  for  fcparating  according  to;Cra-' 

541 

mer 

5Q8 

54i 

Ores  of  mclvbdena.  See  Acid  of  Molybdena, 

of  542 

al(p  Molybdena. 

Ores  of  nickel 

599' 

542 

Ores  of  platina 

599 

543 

Ores  of  filver  • - 

600 

: 543 

native 

600 

= 544 

corneous  or  muriatic 

600,  603 

546 

arfenical 

6qo 

■ . 547 

red 

601 

■ ' 547 

black  or  fulphureous 

~ 601 

547  v 

pyritical 

601 

548 

white 

602 

495 

gray 

602 

548 

brown  or  hepatic  - 

602 

49  5>  ’549 

plnmofe  or  feather 

603 

before 

cobaltic 

603 

555 

analyfes  by  Be'rgman 

604 

and 

by  Cramer- 

604 

556 

Ores  of  tin,  native 

609 

556 

tin-ftone 

» 610 

(Berg- 

zin-graupen 

- 610 

557 

Itream  tin 

610 

557 

wood-like 

611 

Ores 

X N D E 
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U27 

Ores  of  Tin,  tin  fpar 

Page 

611 

Pewter  - 

Page 

638 

tin  grains 

- 

6a 

Phlegm 

639 

aurum  raufivum 

- 

61 1 

Phlogiltian,  andantiphlogiftian  dcCt  lines,  Hate  - 

bell  metal  ore 

- 

61 1 

ment  of,  as  applied  to  combulli  on  in 

allay  by  Bergman 

612 

general 

269 

the  fmelting 

- 

612 

Phlogiflon  - 

639 

Ores  of  Uranite.  See  Uranite. 
Ores  of  Wolfram.  See  Wolfram. 

DoCtrine  of  Bucher  and  Stahl 
modified  by  the  Moderns  - . 

641 

641 

Ores  of  Zinc 

- 

612  • 

rejeded  by  one  clafs  of  Chemifts 

642 

vitreous 

- 

613 

faCts,  wherein  this  principle  is  afiumed 

642 

tutenago 

- 

613 

calcination  of  metals 

643 

calamine 

- 

613 

Lavoifier’s  experiment  by  calcining  mer' 

zeolytiform 

- 

614 

cury 

643 

fulphureous  or, blendes 

- 

615 

by  burning  iron  in  vital  air 

647 

reduction 

- 

6x6 

folution  of  metals  in  acids 

648 

Organized  bodies,  their  elements  few 

977 

See  Water,  Precipitates,  Vege- 

Oriental 

. 

616 

tables. 

Origanum 

- 

617 

Phofphorus  (Englilh)  or  Kunckel’s  Phof- 

Orpiment 

- 

617 

phorus 

649 

Orris 

» 

617 

hiftory  of  its  difeovery 

6co 

Oft'eocolla 

- 

617 

Margraaf’s  method  of  prepairing 
Hellot’s  ditto 

6jt 

Otta,  or  Atyr  of  Rofes 

- 

618 

653 

Oxygene 

- 

618 

Scheele’s  ditto 

654 

Oxymel 

- 

6x8 

Giobert’s 

6 54 

P. 

Palm-oil 

6x8 

its  combinations 
Phofpnoric  matches 
bottles 
Hones 

656 

656 

657 
657 

Panacea 

- 

618 

Phofphorus  artificial,  Canton’s  receipt  for 

Paper-marie.  See  Marie. 
Parget 

. 

619 

making  - 

Pimento.  See  Pepper  (Jamaica). 

658 

Parian  marble 

- 

619 

Pins,  the  whitening  of  - 

Pipe  clay  - - 

945 

Parting  ... 

1JI* 

, 619 

658 

by  aqua  fortis 

- 

619 

Pifolithes  - _ 

658 

by  aqua  regia 

- 

620 

Pitch  ... 

658 

concentrated. 

- 

623 

blende.  See  Pech-blende. 

dry 

359.  6z4 

(Jews).  See  Afphaltum. 

149 

by  Keir’s  compound  acid.  See 
Parts  integrant 

Suver. 

*5  5 

Pit-coal.  See  Coal. 

Plants.  See  Vegetable  Kingdom. 

Lemery’s  oblervation^  on  the  acids 

component 

- 

155 

Pearl  afh,  method  of  examining 

- 

626 

diftilled  from 

967 

Pe'arls,  filhery  of 

- 

628 

Plafter  of  Paris 

659 

Peat  - - 

204, 

630 

Platina,  its  general  characters 

659 

Pech  Blende,  or  Pitch  Blende 

- 

615 

habitudes  - . 

66  r 

its  analyfis  by  Bergman 

- 

615 

rendered  malleable 

66r 

analyfis  of  a different  kind  by  Klaproth 

631 

experiments  of  Dr.  Lewis  and  others 

Pelican,  its  ufe 

2.67: 

, 632 

with  it  and  the  metals 

66  2 

Penny-weights 

633 

Plumbago  - - 204,66  c 

PePPer  . ‘ , r . 

- 

633 

Plumbum  corneum 

667 

Jamaica,  Pimento,  or  all-fpice 

633 

Polarity  ... 

667 

its  contents  according  to  Neumann 

634 

Pollen 

667 

667 

Peridot.  The  Chryfolite,  which  fee. 

Pompholix 

Pengord  none 

597s 

• 635 

Ponderous  earth.  See  Earth  ponderous,  alfo 

Perlate  fait.  See  Urine. 
Peruvian  bark 

635 

Spar. 

Pont  marie 

667 

acid  from 

- 

972 

Poppy,  acid  from 

972 

Petrifactions 

- 

636 

Porcelain, 

667 

argillaceous 

calcareous 

- 

6 37 

Reamur’s  examination  of  this  article 

668 

- 

637 

the  moft  perfeCt 

672 

ferruginous 

- 

637 

fufible,  vitreous  or  falfe 

673, 

metallic 

- 

637 

unfufible  - 

675 

Petroleum  . - 

203, 

638 

of  Reamur  from  £lafs 

675 

Petuntfe.  See  Porcelain,  alfo  Ka-oli 

>n. 

refults  of  Lewis’s  experiments  on 

676 

Porphyry 
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677 

678 

678 

679 

680 


Porphyry  - - 

Portland  ftone 

Potafh  - - - 

Kirvvan’s  dire&ions  for  obtaining 
Pot-ftone.  See  Lapis  Ollaris. 

Potter’s  lead  ore 
Pottery,  various  kinds  and  composition  of  680 
Powder  - - - 687 

of  algaroth  - - 687 

gun-  - - 687 

fulminating.  See  Fulmination. 

Precious  Hones,  table  of  hardnefs  - 371 

enumeration  and  defcription  of  688 

Precipitate  - 700 

black  and  rofe  coloured  - 716 

green  - - - 716 

per  fe  - - - 716 

red  - - 7*7 

yellow  - - - . 717 

white  - - - 717 

of  gold  by  tin  - - 7 J8 

metallic  by  Bergman  - 7OI>  7l& 

Precipitates  metallic,  Bergman’s  table  of  70J 

Lavoifier’s  ditto  - - 715 


Page 

Pyrometer  - - - 741 

of  Wedgwood,  its  defcription  742 

Pyrophorus,  its  preparation  according  to 

Wiegleb  - - 753 

Scheele’s  explanation  of  its  accenfion  775 
Pyrotechnicks  - - 760 


760 

I5I 

760 


Quadrum  _ 

Quartation 

Quartz,  the  moll:  remarkable  kinds  of 
rhombic.  See  Felt  Spar. 

Queen’s  Ware  - - 682 

Quercitron  - - 761 

Quick-lime,  the  method  of  converting  earth 

and  ftones  into  - . 7 62. 

its  combinations  - - 763 

Quickfilver,  its  commercial  date  according 

to  Mr.  Rafpe  - - 761J 

Quinquina.  See  Peruvian  Bark. 


R. 


Precipitation,  the  mofl  ufual  effeft  of 

700 

Rag-ftone 

■ 767 

fimple  and  compound 

metallic,  their  colours,  quantities,  and 

701 

Rain.  See  Meteors. 

Rainbow  ftone.  See  Moon-ftone 

other  attributes  - 704 — 

-716 

Rancidity  - - ' 

767 

Principles  - 

Printers’  ink.  See  Ink. 

720 

Rapakivi.  See  Granite. 

Rafpberries,  acid  from 

972 

Prunus  fpinofa  et  domeftica,  acids  from 

972 

Reagent.  See  Mineral  Wateis. 

padus,  acids  from 

972 

Realgar.  See  Orpiment. 

Pruffian  blue.  See  Blue  Pruffian. 

Receiver 

131,  768 

Pudding  ftone  - - 

721 

Rectification 

I3L  769 

Puff  ball.  See  Lycopodium. 
Pulverize.  See  Powder. 

Reddle 

Red  cabbage.  See  Braffica  rubra. 

771 

Pumice-ftone  - - 

[009 

Red  lead.  See  Minium. 

Purbeck-llone  - 

721 

Reduction,  or  revivification,  Macquer’s  ex- 

Purification  ... 

721 

planation  of 

771 

of  filver  by  nitre 

722 

Refining  of  gold  and  filver 

773 

of  gold  by  antimony 

723 

See  Ores. 

Purple  powder  of  Caffius 

718 

RefraCtory 

-776 

Purple  dye,  Poerner’s  method  of  obtain- 

Refrigeratory 

776 

ing  - - - 

725 

Regifter 

777 

Putrefa&ion,  the  means  by  which  it  may  be 

Regulus 

= 777 

facilitated 

73° 

Refins  - - = 

777 

the  requilites  for  producing  it  in  bodies 

731 

Retort 

131,  780 

its  mod  conftant  phenomena 
experiments  of  Sir  John  Pringle  refpeft- 
ing 

Putty  - , - 

Puzzolana  - 

Pyritaceous  limeftone 
Pyrites,  its  different  names 

the  marks  by  which  it  may  be  diftin- 
guifhed  from  true  ores 
its  different  forms 
white  - - - - 

yellowifli 

its  efflorefcence  and  vitriolization 
Pyrites  martial,  is  converted  into  the  fait 
called  vitriol  of  iron,  by  expofure  to 
air  and  moifture 


7il 

Reverberatory.  See  Apparatus._ 
Revivification.  See  Reduction. 

735 

Rhapontic  - - - 

78r 

737 

acid  from 

972 

737 

Rhibes  cynofbati,  acid  from 

973 

737 

Rhodium  lignum 

781 

758 

Rhubarb 

782 

acid  from 

972 

738 

Rifigal.  See  Realgar 

782 

7 38 

Roafting  of  ores.  See  the  Metals  of  1 

ores. 

739 

Rocella.  See  Archil. 

739 

Rock  cryftal.  See  Cryflal  Rock, 

alfo 

741 

Quartz. 

Rockets  - - - 

782 

Rod,  divining 

7*3 

64 

Roof  - - 

784 

5 

Rofe, 
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Rofe,  effential  oil  of,  or  otta 

618 

Rofemary 

- 

784 

Rotten  ftone,  Its  charadters  according  to  Fa- 

broni 

- 

’ 783 

Roucou 

- 

786 

See  Annotto. 

Rowly  rag 

- 

788 

Rubicelle.  See  Precious  Stones  N°  II. 

Ruby  - - 

- 

691 

Arfenical 

- 

788 

Ruft 

- 

788 

S. 

Safflower.  See  Carthamus. 

Saffre.  See  Zaffre. 

Saffron  - 

baftard 
of  metals 
Sagapenum 
Sago 

Sal  ammoniac.  See  Ammoniacal  Salts. 
Salep,  acid  from 
Salmiac  - - 

Salts,  their  general  characters 
Salt  common,  its  cryftals 
properties 
mines  and  fprings 
extraction  of  - 

works  at  Montmarot,  defcription  of  by 
Fourcroy  - - - 

fpirit  of.  See  Acid  Marine, 
petre.  See  Nitre. 

Sand,  its  chief  ufes  in  chemiftry 
bath.  See  Bath. 

Sandarach  - 779, 

Sandevir  - » 

Sap  colours 

Saponariae  officinalis  Lin. 

Sapphire  - - 

Sarcocolla  - - 

Sardonyx  - - 

Sarfaparilla 
Saffafras  - 

Saturation  - - 156, 

Saturnite  - . - 

Satyrium  - 

Saunders  5 1 

Scammony 

Schiftus,  pyritaceous 

Science,  phyfieal,  is  mere  claffification 

Scordium  ... 

Selenite  - 

Semi-metal.  See  Metals. 

Sena  - •• 

Senegal  or  Seneca  gum 
Serpentine  , - 

Service,  acids  from 
Shoerl 
Siderite 

Silex,  vitrification  of 
Silk,  its  general  properties 

method  of  dyeing,  according  to  BerthoL 
let 

method  of  bleaching  - ' - 


Silk,  prepared  for  dyeing  ' 

its  whitenefs  and  foftnefs  improved 
Silver,  its  characters 
combinations 

fulminating  combination  with  volatile 
alkali 

method  of  purifying 
Keir’s  new  procefs  for  feparating  it  from 
copper 

its  precipitation  from  nitrous  acid  by 
iron  - - 

alloys  and  ores.  See  Ores. 

Silvering  of  copper  and  harnefs 
looking  glaffes 


Page 

293 

293 

824 

825 

826 
150 


788 

789 
793 
793 
793 

793 

793 

794 
794 

794 

795 

796 

796 


797 

798 
798 

798 

"99 

692 

799 

699 

799 

799 

799 

801 

801 

801 

801 

510 

639 

801 

802 

802 

802 

803 

973 

803 

804 
804 
820 

820 

20, 


convex  mirrors' 

Sinople 
Sinter 

Slate,  or  Shiilus 
Smalt 

SmeCtis.  See  Steatites. 

Smell,  principle  of 
Smelting  of  ores 
Snow  of  antimony 
Soap,  method  of  preparin 
alkaline  falts 
decompofition  of 

oil,  Macquer’s  procefs  for  making 


83  + 

840 

842 

843 
843 

843 

844 

844 
189,  845 

845 
845 
843 

- 846 

with  the  fixed 

-846 


848 

8+7 


metallic 
of  Starkey 

ftone.  See  Lapis  Ollaris. 
wort.  See  Saponaria. 

Soda.  See  Alkali  Mineral. 

Soil.  See  Arable  Lands. 

characters  of  a proper 
Solanum,  acids  from 
Solder  and  Soldering 
Solfatara,  a famous  mine  of  fulphur 
Solution  - - 

metallic,  the  general  faCts  of 
Solvent,  or  menftruum 
Sonoroufnefs  . - 

Soot 

Sorrel,  fait  of 

acid  from 
Soup.  See  Geliy. 

Spar,  properties  of,  enumerated 
adamantine 
calcareous 
felt 
fluor 

fufible,  or  fcintillating 
gypfeous 
ponderous 
Specific  gravity 
Specularis  lapis 
Speculum,  metal  for,  by  Edwards  and  others  858 
Speifs  - - ; 860 

Spelter  # . * - - 860 

Spermaceti,  its  characters  and 'habitudes  860 
production  nearly  refembling  it  from 
putrefied  dead  bodies  • 861 

Fourcroy ’s  fecond  memoir  refpeCting  1 to8 
Spikenard  - - 866 

Spirit  - - - 866 

7 E Spirit, 


05 1 
849 


311 

973 

851 

922 

852 
648 

0s6 

832 

852 

853 
973 

856 

857 

. 856 
836 
856 
33i 

856 

857 

838 

858 
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Spirit,  ardent,  method  of  obtaining 

867 

fpecific  gravity  of,  according 

to  M. 

Bories 

- 

867 

Dr.  Blagden’s  method  of  afeertaining  the 

ftrength  of 

- 

868 

tables  of  the  real  fpecific  gravities  of,  at 

thedifferenttemperaturesandftrength 

87? 

its  adtion,  See.  on  bodies 

- 

878 

component  parts 

881- 

-884 

Spirit  of  Libavius 

- 

885 

of  nitre 

- 

885 

of  fait.  See  Marine  Acid. 

of  fulphur 

. 

885 

of  Venus 

- 

885 

of  vinegar 

- 

88; 

of  vitriol 

. 

88; 

volatile  of  fal  ammoniac 

. 

88; 

of  wine.  See  Spirit  Ardent. 

88; 

Spiritus  redlor 

. 

88; 

Sponge  - 

- 

886 

Spuma-Maris.  See  Keffekil. 

Staining  of  wood 

- 

886 

Staladlites 

- 

887 

Starch,  analyfis  of 

io;2 

Stars,  fhooting 

- 

498 

Steatites 

- 

887 

Steel,  its  dillindfive  chavadlersl 

. 

887 

variety  of  fadts  relating  to  the  harden- 

ing  and  foftening  of 

- 

891 

fadfs  relative  to  its  cementation 

894 

cafi,  of  England,  account  of  the  procefs 

by  which  it  is  made 

- 

896 

See  Iron  and  Ores  of  Iron. 

Stone 

- 

897 

Stones,  Kirwan’s  examination  of 

- 

119 

table  of  their  hardnefa  and  fpecific  gra- 

vlty 

- 

37i 

magnefian 

- 

510 

Stones  precious.  See  Precious  Stones. 

Stones,  or  calculi,  found  in  the  bodies  of 

animals 

. 

897 

Stone  ware,  the  French 

. 

672 

Englifh,  procefs  for  manufadluring,  ac- 

cording  to  Dr.  Watfon 

- 

682 

Storax 

- 

901 

liquid,  the  preparation  of 

- 

9°3 

Strawberry,  acid  from 

- 

973 

Stream  tin 

- 

610 

Strontionite,  Scbmeiffer’s  analyfis  of 

9°3 

Stuffs,  woollen,  the  method  of  bleaching 

206 

Sublimate,  corrofive,  the  ufual  method  of 

preparing 

9°; 

its  properties 

906 

habitudes 

9°7 

red 

909 

fweet 

999 

Sublimation 

911 

Sugar  maple-tree,  account  of,  from  Dr. 

Rufh 

- 

9l3 

Sugar,  the  manufadfure  of,  in  the  colonies 

914 

Sugar  of  lead.  See  Lead. 

of  milk.  See  Milk. 

Sulphur,  account  of  its  diftillation  from 

pyrites 

* 

9:0 

i 


Page 

Sulphur,  obtained  from  piles  of  ores  at  Ram- 

melfburgh  - 921 

account  of  the  great  works  at  Solfatara  922 
general  account  of  its  combinations,  See.  923 
acidification  in  the  large  way  924 

Chaptal’s  experiments  to  improve  this 


procefs 
Sulphur,  livers  of 
Sumach 

acid  from 
Superfaturation 


926 
488,  924 

927 
973 
>57 


Tables.  For  an  enumeration  of  the  Tables 
in  this  work,  fee  the  end  of  the 
Preface. 

Talc 

Tallow 

mineral.  See  Mumia. 

Tamarinds  - 

acid  from 

Tanning  ... 

Tar 

Tar,  Barbadoes  - - 

T arras,  or  Terras 
Tartar,  procefs  of  its  purification 
emetic,  preparation  of 
Tclefcope  achromatic.  See  Glafs. 
Temperature,  change  of,  its  general  effedfs 
Terra  ponderofa  - 
Terras.  See  Tarras. 

Terre  verte  - 

Thermometer,  method  of  conftrudting 
of  Celfius 
Fahrenheit 
Reaumur 

Thread,  method  of  dyeing  it  a violet  co- 
lour - 

Tin,  its  characters  and  combinations 
acid  of 

alloys  - - - - 

ores  - - 

Tincal  - 

Tinfture,  martial  alkaline,  of  Stab! 
Tindlures  of  vegetable  and  animal  fub- 
ftances  - ■_ 

general  obfervations  on 
Tinning  of  copper  and  of  iron 

pins,  experiments  of  Mr.  Gadolin  on 
Tobacco 

pipes,  method  of  making 
Tooth  of  the  fea  horfe 
Topaz 
Tophi 

Torrefadtion 
T orften 
Touchitone 
Tourmalin 
Traas.  See  Tarras. 

Tragacanth  gum.  See  Gums. 
Tranfmutation.  See  Metals. 

Ttapp 

Ttip,  See  Tripoli. 


928 

928 

928 

973 

929 

930 

203 

93 1 
5 7*  93 2 

129 

372 

223 

932 
932 

935 
935 

935 

729 

936 

937 

939 

940 

941 
408 


942 

942 

943 
945 

948 
684 
420 
693 

949 
949 
949 
949 
698 


949 

Tripoli 
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Tripoli  earth.  See  Rotten  Stone. 

Tritorium  - - - 9 5° 

Trituration  - - • 95° 

Trompe,  dimenfions  of,  according  to  Chaptal  950 
inveftigations,  and  remarks  by  Dr. 
Lewis  on  9$'o 

Tubes,  Eudiometer  - - 138 

Tufa.  See  Tophi  - - 955 

Tungften  - - * 95  5 

Turbith  mineral  - - 956 

Turf  - 204 

Turnfole.  See  Heliotropium. 

Turkey  ftone  - - 956 

Turmeric  - * 957 

Turpentine  - - 957 

of  Chios  *■  - - 778 

Turpeth.  See  Turbith. 

Turquois  ftone  - * 560 

Tutenag  - - - 958 

ore  of  - - 613 

Tutty  • - - 958 

Type  metal  - - 958 

V. 

Vaccinium,  vitis  idasa,  acid  from  973 

Vapour  - - 959 

Varnifti,  method  of  obtaining  - 959 

hiiiory  of  the  tree  from  which  it  is 
produced  in  China  - 961 

properties  which  a coat  of  varnifh  ought 
to  poflefs  - - 961 

Vegetable  kingdom  - - 962 

Vegetables,  the  moft  obvious  difference  be- 
tween them  and  animals  - 962 

one  of  their  moft  diftindtive  chemical 
characters  - - 962 

receive  nothing  but  water  from  the 
earth  - - 963 

cannot  live  without  air  and  light 

964,  965 

compound  principles  obtained  from 

965 

fecula  - - 966 

acids  of  - - 966 — 977 

colouring  matters  - » 978 

pollen,  or  fecundating  powder  978 

ligneous  portion  - - 979 

induration  of  their  fibrous  parts  979 

elaftic  and  mixed  fluids  - 980 

Vegetations,  faline,  experiments  and  obfer- 
vations  refpedting  the  influence  of 
light  and  air  upon  - 980 

Veins  - 984 

the  names  by  which  they  are  diftin- 
guifhed  by  miners  - - 350 

their  various  terminations  - 550 

contents  of  - - 550 

Venus  - - 984 

Verdigrife,  procefs  for  making  it  - 984 

Verditer  - - - 985 

Pelletier’s  experiments  on  - 986 

Vermillion,  manufacture  of,  at  Amfterdam 

257 

Veffels,  chemical.  See  Apparatus. 


Page 

Vefuvius,  mount,  its  height  - 1009 

Vinegar,  proceffes  for  making  - 989 

its  combinations  - - 992 — 997 

concentrated  and  glacial,  its  moft  re- 
markable properties,  from  Lowitz 

998 — 1006 

weak,  eafy  manner  of  concentrating  1004 
produced  from  various  acids  97  5 

Virgula,  divinatoria.  See  Rod,  divining. 

Vital  air.  See  Air,  vital. 

Vitrification.  See  Glafs  ; alfo  Silex. 

Vitriol  - - - 1006 

martial  - - - 406 

Vitriolic  acid.  See  Acid  vitriolic. 

Volatile  alkali.  See  Alkali  volatile. 

Volatility  - • - 1 00  6 

Volcanos,  their  origin  - 1006 

hiftorical  fadts  refpedting  - 1007 

produdts  of  - - 1009 

U. 

Ultramarine  - - 1009 

Umber  - - - 1 010 

Union,  chemical  - - 1010 

Uranite,  or  Uranium  ~ - 1010 

Urine  - - ion 

its  contents  - - 1011 

phenomena  attending  its  putrefadtion 


1012 

1012,  481,  597 
1012 


W. 

Wadd 
black 
Walklera 
Wand.  See  Rod,  divining. 

Walhing.  See  Elutriation  ; alfo  Tin.  940 
Water,  general  charadters  of  - 1013 

its  purity,  figns  of  - - 1015 

when  diftilled,  faid  to  afford  earth  1015 
tables  of  faline  fubftances  capable  of 
being  diffolved  by  it  1016,  1017 

ftiort  account  of  the  fadts  relative  to 
its  compolition  and  decompofition 

1018 — 1025 

method  of  impregnating  with  fixed 
air  - - 138: 

the  only  aliment  which  the  roots  of 
plants  draw  from  the  earth  963 

Waters, mineral,  examination  of  1025 — 1037 

Waters,  fpirituous  - - io37 

Wax,  its  general  properties  - 1037 

bleaching  of  - - 1038 

Weights  - - - 1047 

the  moft  convenient  fet  of  - 192 

of  different  countries,  table  of  195 

Weld,  or  woald,  its  charadters  and  habi- 

- tudes  - - 1048 

methods  of  dyeing  with  - 1048 

Wheat,  the  moft  nutritive  of  vegetable  mat- 
ters ...  1050 

analyfisof  - - 1050, 

gluten  of  - - - 1051 

Whctftone' 


I 


'3* 
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Whetflone  - - 1053 

Whey  * - 1053 

White  copper.  See  Tutenag. 

White  lac  - - 1040 

White,  Spanilh,  and  White  Lead.  See 
Cerufe. 

Whiting  - 

Willow  . - - 

Wine,  procelles  for  making 

fermentation  and  maturation 
four,  cannot  be  correfted 
good  and  bad  qualities 
Woad 

its  preparation  for  dyeing 
Wolfram  - - 

Wood.  See  Vegetables, 
lice.  See  Millipedes, 
forrel.  See  Sorrel,  and  Acid  of  forrel. 
Wool,  method  of  preparing  for  dyeing  293 
general  qualitios  * - 1060 

. fcouring  of  - 1061 


MOJ3 

i°53 

1054 
1055,  I056 

1057 

1058 
- 1058 

i°S9 

1060 


Wool,  felting 
fulling 

Worms.  See  Earth  worms. 
Wormwood 


Y. 


Yeafl 


Z. 

Zaffre,  or  Saffre  - - 

Zeolite  - - 

Zinc,  its  chara&ers  and  combinations 
method  of  allaying  it 
the  procefs  of  obtaining,  from  its  orei 
by  diftillation 

experiment  of  Dr.  G.Fordyce,  toafcei 
tain  the  caufe  of  the  weight  it  at 
quires  by  folution  - 1068- 

Zinngraupen  - 


Page 

1062 

1062 

1064 


1064 


1 ©64 

1065 

1066 
1068 

1068 


■1072 

610 


THE  END. 


